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SCHEME OF THE CLASSlFlCxVTlON ADOPTED 
IN THIS BOOK 


Order. 

H7MENOFTERA 

{continued from 
Vol, V), 


Sub>order, Division, 
or Series. 


Kmnily. 


Siil>-F'.iinily or 
TrilM*. 


Gr<ui[». 


Petiolata. 

{continued 

Jrom Vol\ V). 


H7MEN0PTERA 

{continued) 


Acnleata 

(P. 4) 


AxTiioriiiLA . 

I|». 10) 

Aim DAK Qi. 10) 


Arcliiapides (p. 21). 
ObtUMilin^ui's (p. 22). 
Andrniiidos (p. 23). 
Dcniidtttao (p. 29). 
Seopiilipodes (p. 32). 
Dasyfrastms (p. 3.'i). 
Su(‘iah‘8 (p. 53). 


Dipwi^tkra 
(p. 71) 

( Eu.\iknidak (p. 72). 

-j Vkspidak (p. 78). 

^Masakidak (p. 88). 

Mutillidcs ()>. 94). 

Fossohks (p. 90) TliyiiiiideR (p. 96), 

Sf’OMiDAK - SooliidoM (p. 97). 

(p. 94) Sapygides (]t, 99). 

lilio[)alo8oimdcM (p. 100). 
PoMPIUDAK (p.lOl). 

" S|)IicgideH (p. 107). 
AinpulicidoM (p. 114). 

IiiiiTifle.s (p. 110). 
Trypo.\ylonidi*H (p. 118). 
•Si'iiKDiDAK I AstatidcH (p. 119). 

(p. 107) I UembeuidcM (p. 119). 

Nyssoiiides (p. 123). 
I’liilaiithides (p. 124). 
MiiiiRsidRs (p. 127). 
VCrabroiiidcs (p. 128). 

fCainponotidcs (p. 144). 
DoliclioderidcM (p. 157). 

Mynnicitii 


HKTEmWYSA 

(p. l;n) 

Foumicitiaf. 
Cp. 131) 


Myrniicides 
(p. 158) 


(I*. 159). 
Attiiii (p. 165). 
pHeudoTiiyriiiinl 

(p. 168). 

Cryptoccriiii 
(p; 169). 


Poneridea (p. 170). 

[ Ecitonini 
(p. 175). 
Dorylini 
(p. 177). 
■ Amblyoponides (]>. 180). 


Doryliiles (p. 174)4 
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SCHEME OF CLASSIFICATION 




Older. 


GOLEOPTERA 

(p. 18 - 1 ) 


Sub'^nler, Division, 
or Series. 


Family. 


Sub-Family or 
Tribe. 


Lunelli- 

omia 

(p. 190) 


f PASSAtlDAR (p. 192). 
Lucanidar p. 193). 


SCAKABAKtDAE 

(p. 194) 


J 'Copridea (p. 195), 
.Meioloiithidcs (p. 108). 
Riitelides (p. 198). 

I Dynastidos (p. 199). 
Cotoniides (p. 199). 


CiCINDRLIDAK (p. 201). 


Adephaga or 
Caraboldaa 

(p. 200) 


f Carabides (p. 206). 
Oakabidak J Harpalidos (p. 206). 

(p. 204) '| Pseudoiiiorphidos (p. 206). 

Mormolycides (p. 206). 

Amphizoidak (p. 207). 

Pelobiidak (p. 207). 

IIaliplidar (p. 209). 

Dytiscidae (p. 210). 


Paussidak (p. 213). 
Gyrinidar (p. 215). 
Hydrophiliiuk (2>. 216). 
Pr.ATYP8YLIJI)AE (p. 219). 
Leptinidak (p. 220). 
SiLPHIDAB (p. 221). 
SOYDMAEXIDAE (p. 223). 
Gxomtidak (i». 223). 
Pmelaphibae (p. 223). 
Staphyunipae ()». 224). 
Spiiaeriidak (]». 227). 
Thichoptkiiyoidak (p. 227). 
Hyorosoapiiidae (]). 228). 
CoilYLOPBIDAE (p. 228). 
SOAPHIDllDAK (p. 229). 
Syntbmidar (p. 229). 
Histkhipae (p. 230). 
Pualaoripae (p. 231). 
Nitidumpae (p. 231). 
Polymorpha Trogohitihae (p. 232). 

(p. 213) ■ Colydiidae (p. 233). 

Kiiysodidab (p. 234). 
Cpcujidae (p. 234). 
Oryptofhauidak (p. 235). 
Ueiaiyidak (p. 235). 
Tuorictidak (p. 236). 
Erotyi.ii)AE (ji. 236). 
Mycetophaoidak (p. 237). 
CUCCINELUDAE (]>. 237). 
Endomychidae (p. 239). 
Mycetakidak (p. 239). 
Latridiidae (p. 240). 
Aiiimkkidae (p. 240). 
Debmrbtidae (p. 241). 
Byrhhidae (p. 242). 
Cyathoceriiiae (p. 243). 
Gkokysridae (p. 243). 
IIeteroceridae (p. 243). 
PARXIDAE (p. 243). 
l.D£R01}ONTIDAE (p. 244). 
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SCHEME OF CLASSIFICATION • ix 


8ab Order, Uivlstoii, 
or Seriee. 


Family. 


8ub*Fuiuily«>r 

Tribe. 


f 


Polymorpha 

(coiUinued) 


f PtiuideH (p. 246). 

Aiiobiides (p. 246). 

/ Lycides (p. 248). 

I Drilidcs (]>. 248). 

I Lanipvrides (p. 248). 

\ Tclupfiorides (p. 248). 


/'ClOIDAE (p. 245). 

Shhikdidak (p. 245). 

Bostkichiiuk (p. 246). 

1 *T 1 SI 1 IAK 
(l». 246) 

Malaoodkk- 

MIIUE 

(p. 248) 

Mklykidae (p. 252). 

Clkuidak (p. 253) 

Lymkxyi.oN[ 1)AK (ii. 254). 

Dakcillihae (]>. 255). 

KuirU'KitiDAE (p. 2.56). 

Throseides (p. 260). 
Kui'iieniidos (ji. 260). 
Elatekidak Elaterided (p. 260). 

(p. 256). ('ebrionidus (p. 260). 

Perotliopides (p. 260). 
I Cerophy tides (p. 260).' 
BUPIIESTID.IE (p. 261). 


Hetoromm 

(p. 262) 


' Tenkbuiokiiuk (p. 263). 
OlSTELIDAE (p. 264). 
Laouiiuae (p. 264). 
Otuniidae (p. 265). 
AEaiAUYiUAE (p. 265). 
Munommidae (p. 265). 
Nilionidam (p. 265). 

< Melandrtidak (p. 265). 
Pythidae (p. 26,5). 
PYKOCHilUllUK(p. 266). 
Antuiciiiae (]». 266). 
Oeukmekidae (p. 266). 
Mokvkllidae (p. 267). 
Cantiiakidak (p. 269). 
/rKiOTEKUTOMlDAK (p. 275). 


PhytoiAaga 

(p. 276). 


r Bruchidae (p. 276) 

C Eupoda (p. 280) 
Chkyhovel- J - 
iUAE(p.278)| 


Cejiambyoidak 
(p. 285) 


CaniptoBOines (p. 281). 
Cyclica (p. 282). 
Cryptostomss (p. 282). 
PnonidcB (n. 287). 
Ceranibycides (p. 287). 
Lamiides (p. 287). 


f ANTHRlBIDAE (}>. 290). 
CUHCUMUNIDAE (p. 290). 
ScOLYTH»AK (p. 294). 
Bbenyhidab (p. 295). 
f Aolycydkkidae (p. 297). 
\ PRUTKRRINIDAE (p. 298). 

**(p*Msr* ft’- 228)* 
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tSab*Qaler, Division, 
or Series. 


LEPIDOFTEBA 

(p. 304) 


Bottrocsn 

(p. 366) 


Nymphalidak 

(p. 848) 


Bliopalocm 

(p. 341) 


Sub-Family or 
Tribe. 

’ Danaides (p. 344). 
Ithomiidea (p. 846). 
Satyrides (p. 347). 

. Morphides (p. 348). 
BraBSclidos (p. 340). 
Acraeides (p. 350). 
Heliconiidea (p. 361. 
^Nymphalides (p. 362) 
/ Erycinides (p. 355). 
t Libytheides (p. 355). 


Ertcinidak / Erycinides ( 

(p. 354) \ Libytheides 

Lycaenidae (p. 356). 
PlEKIDAB (p. 357). 
Papilionidak (p. 359). 

, Hesperiidak (p. 363. 
Castniidae (p. 371). 
Nkocastmiidak (p. 372). 
Saturniidak (p. 372). 
Bkahmakidae (p. 374). 
Ceuatocampidak (p. 375)b 
Bombycidab (p. 375). 
EUFrEROTIDAE (p. 376). 
Prrophoridae (p. 377). 
Sphieqidae (p. 380). 
COCYTIIDAE (p. 382). 
Notodontidae (p. 383). 
Cymatophoriuae (p. 386). 
Sesiidae (p. 386). 
Tikaboekiidae (p. 387). 
Symtomidae (p. 388). 
Zyoaenidae (p. 390). 
Himaetopteridak (p. 392). 
Hbterogynidak (p. 392). 
PsYCHlDAE (p. 392). 
OossiDAE (p. 395). 
Aubkliuae (p. 396). 
CURYSOPOLOMIDAE (p. 396). 
Hepialidae (p. 396). 
Callidulidab (p. 400). 
Drepanidak (p. 400). 
LlMACOdlD^^E (p. 401). 
Meqalopyoidae (p. 404). 
Thyrididae (p. 404). 
Lasiouamfidae (p. 4^5). . 
Endromidae (p. 406). 
Fterothysanidae (p. 406). 
Lymantriidab (p. 406). 
Hypsidae (p. 408). 
Arctixpak (p. 408). 
Aoarxstipab (p. 410). 
Geometridab (p. 411). 
Noctuidae (p. 414). 
Eficopbiidab (p. 418). 
Ubaniipae (p. 419). 
Epxplemipab (p. 420). 
Pyralxdae (p. 420). 
Pterophoridae (p. 426). 
Alucitidae (p. 426). 
Tortrxoipab (p. 427).* 
Tinridae (p. 428). 
Eriocephalxpae (p. 433). 
LMxcbopteryoidae (p. 435). 
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Order. 


DXPTERA 
t •(p.488) 



8ub*Order, Division, 
or Series. 


Sub*F*inlly s 
Tribe. 


Orthonrh&- 


Family. 

( CECIDOMYItDAE (p. 468)w 
Mycktophilidak (p. 462). 
Blepharockridak (p. 464). 
CULICIDAE (p. 406). 
CniROiioiitDAE (p. 468). 

, Orphekphiudas (p. 470). 

pha Nemo- ) Psychodidae (p. 470). 
oera | Uixidae (p. 471) 

(P- I Tipitlibab 

(p.471) 

Bibionxdae (p. 476). 
SlMITUIDAE (p. 477). 
.Rhypuidae ^78). 


( Ptychoptcrinae (p. 472). 
■j Limnobiinae (p. 473). 

I Tipulinae (p. 475). 


Orthoirha- 
pha Bxa- 
dhyeera 

(pp. 466, 
478) 


'Stratiomyidae (p. 478). 
Leptidae (p. 479). 
Tabanidak (p. 481). 
Acanthomehidae (p. 483). 
Therevidae (p. 484). 
ScBNOPIElDAE (p. 484). 
Nemektrinidae (p. 484). 

' Bombyliidae (p. 486). 
Ackoceridae (p. 489). 
Lonckopteridak (p. 490). 
Mydaikae (p. 491). 
Asilxdae (p. 491). 
Apioceripae (p. 492). 
Kmpidae (p. 492). 

, Dolichopidak (lu 498). 


CyeloiTlia- [ Phoridae (p. 494). 
pha Ab- I Platypebidae (p. 496). 

Chiia 'I PlPUNRlJLIDAK (p. 496). 

(pp. 455, I CONOPIDAE (p. 497). 

494) V Sybphidae (p. 498). 


Cyoloirha- 
pha Behi- 
lophora 
(pp. 456, 
503) 


'Mitscidae Acalyptratae (p. 508). 
Anthoxyiipak (p. 606). 
Tachiexdak (p. 507). 

< Dexiidae (p. 610). 

Sahgophaoioae (p. 510). 
Mubgtdae (p. 511). 

.Oestbidae (p. 514). 


Pnplpara 

Si!)"' 


Hippoboscipae (p. 518). 
Braumdae (p. 620). 
Strebltpae (p. 621). 
NyCTERXBIIDAE (p. '521). 


PBMOIBAB(p.622). 

nmxo- /Ttotbraiitbi(p. 531). 
RSBi (p. 6S6)\ TatalUm (p. 531). 
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Order. 


HEIUPTERA 

(p. 532) 


ftub-Order. 


Hetaroptm 
(pp. 543, 
644) 


Series. ‘ 


Gymnookr- 


ATA 

544) 


(P- 


Cryptocbr- 

ATA (p. 

562) 


Family. 

Pentatomiiiae (p. 545). 
CoREIDAE (p. 546). 
Brrytidae (p. 546). 
Lyc»aeidae (p. 548)^ 
Pyrbhocoridae (p. 549). 
TiNoiPAE (p. 549). 
Aradidae (p. 550). 
Hebridab (p. 551). 
Hydrometridae (p. 551). 

' Henioockphalidae (p. 654). 
Phymatidae (p. 554). 
Reduviidae (p. 555). 
Aepophilidae (p. 559). 
Geratocomridae (p. 559). 
ClMICIDAE (p. 559). 
Anthocoridak (p. 660). 
Polyctenidae (p. 560). 
Capsid AE (p. 561). 
^Saldidae (p. 562). 

' GALOrLIDAE (p. 562). 
Nepidae (p. 568). 
Naucouidae (p. 565). 
BKI.OHTOMIDAE (p. 565). 
Notoneotidae (p. 567). 

^ CORIXIDAE (p. 567). 


HomoptirE 

(pp. 643, 
568) 


Tbimera 

544) 



Gic;ai)TDAE (p. 568). 
Fvkgoridae (p. 574). 
Membraoidae (p. 576). 
Gercopidak (p. 677). 
Jassidae (p. 578). 


Dimera* (p. 

544) 


I Monomeua 
I (p. 544). 


{ 


PSYLLIDAE (p. 578). 
Aphid AE (p. 581). 
Aleurodidak (p. 591). 

Goccidae (p. 59^. 
Pediculidae (p. 599). 


Anoplim 

(p. 699.) 



CHAPTKR I 

HYMENOPTEIIA TETIOLATA VONTINUKh 

SERIES 2 . TUIJULIKEUA OR CIIRYSIDIDAK SKIIIES 3 . ACULKATA 

GENERAL CLASSIFICATION DIVISION I. ANTIIOPIULA OR REES 

The First Series — Parasitiwi- -of the Sub-Order Hyineiioptera 
Petiolata was discussed in tlie previous volume. We now xiass 
^ to the Second Series. 

Series 2. H 3 nneiioptera Tubulifera. 

Trochanters mulivUied ; the hind-body consisting of from three 
• to five visible segments; ihe female vnth an ovijmsitor^ 
uswdly retracted, transversely segmented, enveloping a. fine, 
pointed style. The larvae nsnally lice in the cell s^ of other- 
Hymemptera, 

4 The Tubulifera form but a small group iu comx)ariMon with 
Parasitica and Aculeata, the other two Series of the. Sub-Order. 
Though of parasitic habits, they do not ax)pear to be closely allied 
to any of the taiiiilies of Hymenoptera Parasitica, though M. du 
•Buysson suggests that they have some aftluity with Pnxstotrypidae ; 
their morphology and classification have been, liowever, but little 
discussed, and have not been the subject of any profound investi- 
' gatiqn: , At present it is only necessfiry to recognise one family, 
Chrysidid^ or Euby-wasps.^ These Insects are usually of 
.Iglowing, metallic colours, with a very hard, coarsely-sculptured 
Intqgument Their antennae are abruptly elbowed, the joints 
fipt being numerous, usually about thirteen, and frequentdy so ^ 

dSmteniatid monograph, Moesdry, Sudapeat, 1889. Account of the European 
Chrysididae, R. du Buyaeou in Andr4, Spec, gen, Hym, vol. vi. 1896. 

VOL. VI B B . 



HYMENOPTERA 


connected that it is not easy to count them. The abdomen is, 
in the gi’eat majority, of very peculiar construction, and allows 
the Insect to curl it completely under the anterior parts, so as to 
roll up into a little ball; the dorsal plates are very strongly 
arched, and seen from beneath form a free edge, while the ventral 
plates are of less hard consistence, and are connected with the* 
dorsal plates at some distance from the free edge, so that tl^ 
abdomen appears concave beneath. In the anomalous genus 

Cleptes the abdomen 
is, however, similar 

the Aculeate Hymeii- 
optera, and has four 
or five visible seg- 

^ v^— 1 ments, instead of the 

three or four that 
J a 2 tre all that can be 

seen in the normal * 

I larvae of the Euby- 

L. . . . . o t.. I , flip's J'^-ve the same 

Fio. 1 . — ChrysM lymta^ 9. Kiigland. , . 

numl)cr of segments 

as other Ilymenoptera Petiolata. The difference in tliis re- 
spect of the perfect Chrysididae from other Petiolata is due 
to a greater number of the terminal segments being indrawn 
so as to form the tube, or tclcscope-like structure from which 
the scries obtains its name. This tube is sliown partially 
extruded in Fig. 1 ; wlien fully tlirust out it is seen to be 
segmented, and three or four segments may be distinguished. 
The ovipositor proper is concealed within this . tube ; it appears 
to be of the nature of an imperfect sting; there being a very 
sharply pointed style, and a pair of enveloping sheaths ; the style 
really consists of a trough-like plate and two line rods or spiculae. 
There are no poison glands, except in Clexftes, which form appears 
to come very near to the Aculeate series. Some of the Chrysi- 
didae on occasions use the ovipositor as a sting, though it is only 
capable of inflicting a very minute and almost innocuous wound. 

Although none of the Kuby-flies attain a large size, they are 
usually very conspicuous on account of their gaudy or brilliant 
coloura They are amongst the most restless and rapid of Insects ; 
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CHRYSIDIDAE 


they love the hot sunshine, and are difficult of ciipture. Thougli 
not anywhere numerous in species, tliey are found in most parts 
of the world. In Britain we have al)oiit twenty species. They 
usually frequent old wood or masonry, in which the nests of 
Aculeate ITymenoptera exist, or fly rapidly to and fro about the 
banks of earth where bees nest. Dr. Cbapnian has observed the 
^iiabits of some of our British species.^ Ho noticed Chrym 
iynita flying about the cell of Odymrm jfarietum, a solitary 
wasp that provisions its nest with caterpillars ; in this cell the 
Chrysis deposited an egg, find in less than an hour the wasp had 
sealed the cell. Two days afterwards this w’as opened and wjis 
found to contain a larva of Chrysis a quarter of an inch long, as 
well as the I^pidopterous larvae stored up by the wasp, but there 
was no trace of egg or young of the wasp. Six days after this 
egg was laid the Chrysis had eaten all the food and was fulb 
grown, having moulted three or four times. Afterwards it formed 
^ a cocoon in which to complete its metamorphosis. It is, liowevcr, 
more usual for the species of Chrysis to live on the larva of the 
wasp and not on the food ; indeed, it has recently been positively 
stated that Chrysis never cats the food in the. wasp’s c(dl, but 
thei’e is no ground whatever for rejcic.ting the evidence, of so cau^- 
ful an observer as Dr. Chapman. According to M. du Buys- 
sou the larva of Chrysis will not cat the lequdopterous larvae, 
but will die in their midst if the Odynerus larva does not de- 
velop ; but this observation probably relates only to such spticies 
as habitually live on Odynerus itself. The mother-wasp of 
Chrysis hidentata searches for a cell of Odynerus spinipes that has 
not been properly closed, and that contains a full-grown larva of 
that wasp enclosed in its cocoon. Having succeeded in its search 
the Chrysis deposits several eggs — from six to ten; for some 
reason that is not apparent all but one of these eggs fail to pro- 
duce young ; in two or three days this one hatches, the others 
shrivelling up. The young Chrysis larva seizes with its mouth 
a fold of the skin of the helpless larva of the Odynerus, and 
sucks it without inflicting any visible wound. In about eleven 
days the Chrysis has changed its skin four times, has consumed 
all the larva and is full-fed ; it spins its own cocoon inside that 
of its victim, and remains therein till the following spring,, 
when it changes to a pupa, and in less than three weeks there- 
1 Ewt, Mng, vi. 1869, p. 153. 
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CHAP. 

• ■ 


after emerges a perfect Glwym of "the most brilliant colour, and 
if it be a female indefatigable in activity. It is remarkable 
that the larva of Chrysis is so much like that of Odynmi% that 
the two can only be distinguished externally by the colour, the 
Odynerm being yellow and Ghry sis white; but this is only 
one of the many casK^s in which host and parasite are extremely 
similar to the eye. Ghrysis shanghaiends has been reared front 
the cocoons of a Lepidopterous Insect — Monema Jlavescens, family 
iimacodidae — and it has been presumed that it eats the larva 
therein contained. All other Chrysids, so far as known, live at 
the expense of Hymenoptera (usually, as we have seen, actually 
consuming their bodies), and it is not impossible that G. shang- 
.really lives on a Hymenopterous parasite in the cocoon 
of the Lepidopteron. 

Parnopes camiea frequents the nests of Bemhex rostrata, a 
solitary wasp that has the unusual habit of bringing from time 
to time a supply of food to its young larva ; for this purpose it 
has to open the nest in which its young is enclosed, and the 
Parnopes takes advantage of this habit by entering the cell and 
depositing there an egg which produces a larva that devours that 
of the Bemhex, The species of the anomalous genus Cleptes live, 
it is believed, at the expense of Tcnthrediiiidae, and in all prob- 
ability oviposit in tlieir cocoons which are placed in the earth. 

Series 3. Hymenoptera Aculeata. 

The females {whether workers or true feintdes) provided with a 
sting: trochanters usually undivided (monotrochous). Usually 
the antennae of the males with thirteen, of the females with 
twelve, joints {exceptions in ants numerous). 

These characters only define tliis series in a very unsatisfac- 
tory manner, as no means of distinguishing the “ sting from the 
homologous structures found in Tubulifera, and in the Procto- 
trypid division of Hymenoptera Parasitica, have been pointed 
out. As the structure of the trochanters is subject to numerous 
exceptions, the classification at present existing is an arbitrary 
one. It would probably be more satisfactory to separate the 
Proctotrypidae (or a considerable part thereof from the Para- 
sitica, "and unite them with the Tubulifera and Aculeata in 
a great series, characterised by the fact that the ovipositor is 
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' withdrawn into the body in a direct manner so as to l)c entirely 
internal, whereas in the Parasitica it is not withdrawn in this 
manner, but remains truly ah external organ, thougli in nunierouH 
cases concealed by a process of torsion of the terminal seg- 
menta Tf this were done it might be found possible to divide 
the great group thus formed into two divisions characterised by 
J;he fact that tlie ovipositor in one retains its function, tlie egg 



Fio. 2. — Diagram of up|>er sur- 
face of Priocnemis crjjVnta 9, 
Pbmpiliciae. o, ocelli ; 
proiiotuui ; mesouotum ; 

Noutelluin of inesonotiiin ; 
71:*, post-sciitellmn or midUle 
partof metaiiotum ; /i^,pro]H>- 
deuin or median segment (see 
vol. V. p. 491) ; TT*, coiiibing 
hairK, peoteii, of fi'oiit foot: 
first segment of alslomen, here 
not forming a pedicel or stalk : 
7)\coxa; 77*, trochanter; 77*, 
femur ; 7/*, calcaria or spurs 
of hind leg: 1 to 15, iierv- 
ures of wings, vis. 1, costal ; 
2, post -costal ; 3, median ; 
4, |)osterior ; 5, stigma ; 

6, marginal ; 7, upper 

Imsal ; 8, lower biwal ; 9, 9, 
cubital ; 10, the three sub- 
marginal ; 11, first recurrent ; 
12,’ second recurrent; 13, 
anterior of hind wing; 14, 
median ; 15, posterior : I to 
XI, the cells, viz. I, upper 
Imsal ; IT, lower Imsal ; III, 
inaigiiial ; IV,. V, VI, first, 
second and thinl sub-niar- 
giual ; VII, first discoidal ; 
VllI, thinl discoidal; IX, 
second discoidal ; X, 'first 
apical ; XI, second aidcal. 


passing through it (Proctotrypidae and Tubulifera), while in the 
other the organ in question serves as a weapon of offence and 
defence, and docs not act as a true ovipositor, the egg escaping 
at its base. It would, however, he premature to adopt so revolu- 
tiohary a course until the comparative anatomy of the organs 
concerned shall have received a much greater share of attention.^ 
We have dealt with the external anatomy of Hymenoptera in 

^ For new views on this subject see note on p. 602. \ 
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YoL V. ; so that here it is only necessary to give a diagram to 
explain the terms used in the descriptions of the families and 
sub-families of Aculeata, and to discuss briefly their characteristic 
structures 

The Sting of the bee has been described in detail by Kraepelin, 
Sollmann, Carlet ^ and others. It is an extremely perfect me- . 
chanical arrangement. The sting itself — independent of the 
sheaths and adjuncts — consists of three elongate pieces, one o^ 
them a gouge-like director, the other two pointed and barbed 
needles ; the director is provided with a bead for each of the 
needles to run on, these latter having a corresponding groove ; 
the entrance to the groove is narrower than its subsequent 
diameter, so that the needles play up and down on the director 

with facility, but cannot be 
dragged away from it; each 
needle is provided with an 
arm at the base to which 
are attached the muscles for 
its movement. This simple 
manner of describing the 
mechanical arrangement is, 
however, incomplete, inas- 
much as it includes no 
account of the means by 
which the poison is conveyei 
This is done by a very com- 
plex set of modifications of 
all the pfirts ; firstly, the 
director is enlarged at the 
anterior part to form a 
chamber, through which the 

separated ; a, the barbed point ; 6, piston ; needles play ; the needles are 
e, arm. B, Transverse section of the 
sting : ddf the two needles ; e, bea*! for ®®^h provided With a pro- 
guiding the needles ; /, director ; p, jecting piece, which, OS the 
channel of poison. (After Carlet.) i • . i 

needle moves, plays in the 
chamber of Uie director, and forces downwards any liquid that 
may be therein ; the poison-glands open into the chamber, and 
the projections on the needles, acting after the manner of a piston, 
carry the poison before them. The needles are so arran^ on 
> j4nn. Set. Nat, (7) ix. 1890, p. 1. 



8. — Sting of bee. A, One of the needles 
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the director that they enclose between themselves and it a space 
that forms the channel along which the poison flows, as it is 
carried forwards by the movement of the pistons atta(*hed to 
the needles. If the needles be thrust into an object quite as 
far as, or beyond, the point of the director niucli poison may be 
» introduced into a wound, as the barbs are provided witli small 
^riflees placed one above the other, while if this be not the case 
much of the liquid will flow on tlie outside of the object. 

According to Carlet the ])oisoii of tlie bee is formed by the 
mixture of the secretions of two glands, one of which is acid and 
the other alkaline; it is very deadly in its effects on other 
Insects. We shall see, however, that the Fossorial Hymenoptera, 
which catch and sting living prey for their young, frequently 
do not kill but only stupefy it, and Carlet states that in this group 
the alkaline gland is absent or atropliied, so that tlie poison con- 
sists only of the acid ; it is thus, he thinks, deprived of its lethal 
power. Moreover, in the Fossoria the needles are destitute of barbs, 
so that the sting docs not remain in the wound. Bordas, htiW'evcr, 
states ^ that in all the numerous Hymenoptera he has examined, 
both acid and alkaline glands exist, but exhibit considerable differ- 
ences of form in the various groups. He gives no explanation 
of the variety of effects of the poison of differmit Acmleata. 

The larvae (for figure of larva of Bomhua, see Vol. V. p. 488) 
are, without known exception, legless grubs, of soft consistence, 
living entirely under cover, being protected either in cells, or, 
in the case of social Hymenoptera, in the abodes of the parents. 
The larvae of Ants and fossorial Hymenoptera have the anterior 
parts of the body long and narrow and abruptly flexed, so that 
their heads hang down in a helpless manner. All the larvae of 
Aculeates, so far as known, are remarkable from the fact that the 
posterior part of the alimentary canal does not- connect with the 
stomach till the larval instar is mdre or less advanced ; hence the 
food amongst which they live cannot \)0 sullied by faecal matter. 
The pupa is invariably soft, and assumes gradually the colour 
of the perfect Insect. Almost nothing is known as to the 
intimate details of the metamorphosis, and very little as to the 
changes of external form. According to Packard a period inter- 
venes between the stadium of the full-grown larva and that of 
the pupa, in which a series of changes he speaks of as semi-pupal 
^ C. Ji. Ac. Parts, cxviii. 1894, p. 873. 
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aro passed through ; these, however, have not been followed ou( 
in the case of any individual, and it is not possible to form any 
final ide4 about them, but it seems probable that they are largely 
changes of external shape, in conformity with the great changes 
going on in the internal organs. Owing to the fragmentary 
nature of observations, much obscurity and difference of opinion • 
have existed as to the metamorphosis of Aculeate Hymenopterf^ 
Sir S. Saunders gives the following statement as to the larva of 
a w^sp of the genus Pdliglossa} just before it assumes the pupal 
form : “ The respective segments, which are very distinctly indi- 
cated, may be defined as follows : — The five anterior, including 
the hjead, are compactly welded together, and incapable of separate 
action in the pseudo-pupa state ; the third, fourth, mid fifth 
bearing a spiracle on either side. The thoracical region termi- . 
nating here, the two anterior segments are assignable to the 
development of the imago head, as pointed out by Batzeburg."’ 
This inference is not, however, correct. We have seen that in 
the perfect Insect of Vetiolate Hymenoptera the first abdominal 
segment is fixed to the thorax, and Saunders* statement is in- 
teresting as allowing that tliis assignment of parts already exists 
in tlie larva, but it in no way proves tliat the head of the imago 
is formed ffoni the thorax of the larva. It has been stated 
that the larvae of the Aculeata have a different number of seg- 
ments according to the sex, but this also is incorrect. The 
difference that exists in the perfect Insects in this respect is due 
to the withdrawal of the terminal thiee segments to the interior 
in the female, and of two only in the male. The larva consists 
of fourteen segments, and we find this number distributed in the 
female perfect Insect as follows: one constitutes the head, four 
segments the thorax and propodeum, followed by six external seg- 
ments of the I'estrieted abdomen, and three for the internal structures 
of the abdomen. This agrees with Poi'eTs statement that in the 
ants the sting is placed in a chamber formed by three segments. 

The development of the sting of the common bee has been 
studied by Dewitz.*^ It takes place in the last larval stage. 
Although nothing of the organ is visible externally in the adult 
larva, yet if such a larva be placed in spirit, there can be seen 
within the skin certain small appendages on the ventral surface 
of the penultimate and antepenultimate abdominal segments 

^ Trans. ewL Soe. London^ 1873, p. 408. * Zeitschr. totaa. Zool. xxv. 1875, p. 1841 
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(Fig. 4, A) placed two on the one, four* on the other ; these are the 
rudiments of the sting. In tlie course of development the 
terminal three segments are taken into the hotly, and the external 
pair of the appendages of the twelfth 
body segment (the ninth abdominal) 
become the sheaths of the •sting, and 
fhe middle pair become the dii-ector; 
the pair of appendages on the eleventh 
segment give rise to the needles or 
spiculae. The sting-rudiments at an 
earlier stage (Fig. 4, (.') ara masses of 
hypodermis connected with tracheae ; 
thei'e is then but one piir on the 
, twelfth segment, and this pair coalesce 
to form a single mass ; the rudiments 
of the pair that form the director are 
differentiated secondarily from the 
primary pair of tliese masses of hypo- 
dermis. A good deal of discussion 
has taken place as to whether the 
compoiient parts of the sting — 
gonapophyses — are to be considered fis 
luodiiications of abdominal extremities 
(jLe, abdominal legs such as exist in 
Myriapods). Heymons is of opinion 
that this is not tlie case, but that tlic 
leg-rudiments and gouapophysal rudi- 
ments are quite distinct.^ The origin 
of the sting of Hymenoptera (and of the ovipositor of parasitic 
Hymenoptera) is very similar to that of the ovipositor of Locu^ita 
(Vol. V. p. 316 of this work), but there is much difference in the 
history of the development of the rudiments. 

Dewitz has also traced the development of the thoracic 
appendages in Hymenoptera.^ Although no legs are visible in 
the adult larva, they really arise very early in the larval life from 
masses of hypodermis, and grow in the interior of the, body, so 
that when the larva is adult the legs exist in a segmented though 
ruflimentary condition in the interior of the body. Dewitz’s 
study of the wing-development is less complete. 

‘ Morph. Jahrh. xxiv. 1896, p. 192. * Zoitsehr. wiaa. Zool. xxx. 1878, p. 78. 



Pin. 4. Ilevolopmeiit of Hliiig iif 
ilie bee : A iiiul C, veiitrii] ; B. 
Hide view. A* Ktitl uf nlKloiiit;ii 
of adult larva : 0 , r/, the 

last four Kegiiients, 0 lx»iiig tb^ 
eloveiith body Kegnieiit, 11 ; 
6 Intariiig two ]>airH, and 0 one 
pair, of riidiiiuMitH. B, Tip of 
abdomen of adult bee : 9, tin? 
iiintb, r/, the tenth body seg- 
inent. C, Rudinuuitii iu the 
early eomlitioii iw neen within 
the 1>oily : 0 , first pair ; 6, the 
Kceonil pair not yet dividial into 
two paii’N ; b'\ v\ coinnicnee- 
nient of external growths fVom 
tlie internal xirojcutions. (After 
Dewitz.) 
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Four primary divisions of Aculeates are generally recognised^ 
viz. Anthophila (Bees), Diploptera (Wasps), Fossores (Solitary 
Wasps), Heterogyna (Ants). Though apparently they are natural^ 
it is impossible to define them by characters that are without 
some exceptions, especially in the case of the males. Ashmcad 
has recently proposed ^ to divide the. Fossores ; thus making five < 
divisions as follows : — ^ 

Body with more or less of the hairs on it plumose . 1. Anthophila. 

Hairs of body not plumose. 

Pronotum not reaching back to teguloe . 2. Entomophila 

[ = Fossores part] 

Pronotum reaching back to tegulae. 

Petiole (articulating segment of abdomen) simple without scales or 
nodea 

Front wings in repose with a fold making them narrow 

3. Diploptera. 

Front wings not folded .4. Fossores [part]. 

Petiole with a scale or node (an irregular elevation on the ii})per side) 

5. Hetcrogynu. 

We shall here follow the usual method of treating all the 
fossorial wasps as forming a single group, uniting Ashmead’s 
Entomophila and Fossores, as we think their separation is only 
valid for the purposes of a table ; the Pompilidac placed by the 
American savant in Fossores l)eing as much allied to Entonio- 
phila as they are to the other Fossores with which Ashiuead 
associates them. 

Division 1. Anthophila or Apidae — ^Bees. 

Some of the hairs of the body plumose ; parts of the mouth elon- 
gated, sometimes to a great extent, so as to form a protrusiUe 
apparatus, usually tubular with a very flexible tip. Basal 
joint of hind foot elongate. No wingless adult forms ; in 
some cases societies are formed, and then barren females called 
workers exist in great numbers, and carry on the industrial 
operations of the community. Food always derived from the 
vegetable kingdom, or from other Bees, 

There are about 150 genera and 1500 species of bees at 
present known. Some call the division Mellifera instead of 
Anthophila. The term Apidae is used by some authorities to de- 
note all the bees, while others limit this term to one of the families 

^ Proc, tni. Soe. TFasJiington, iii. 1896, p. 334. 
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Suiiiiders^ states that he has 


or sub-ditisions. The bees are, as a rule, distinguished from 
other Hymenoptera by the hairs, by the great development of the 
mouth parts to form a proboscis (usually, but not correctly, called 
• tongue), and by the modification of . the hind-legs ; but these 
distinctive characters arc in some of the species exhibited in so 
«ininor a degree of perfection tliat it is not easy to recognise these 
primitive forms as Anthophila. A few general remarks on the 
three points mentioned will enable the student to better appreciate 
the importance of certain points we shall subsequently deal with. 

The bees ore, as a rule, much more covered witli hair than 
any other of the Hymcnoptciii. 
examined the structure of the 
hairs in all. the genera of British 
Aculeata, and that in none but 
the Anthophila do branched and 
plumose hairs occur. The func- 
tion of this kind of hairs is 
unknown; Saunders suggests^ that 
they may be instrumental in the 
gathering of pollen, but they 
occur in the parasitic bees as 
well as in the males, neither of 
which gather pollen. The variety 
of the positions they occupy on 
the body seems to offer but little 
support to the suggestion. Kot 
all the hairs of the bee's body 
are plumose, some are simple, 
as shown in Fig. 5, A, and this is 
specially the case with the hairs 
that are placed at the edges of 
the dilated plates for carrying 

pollen. In some forms there is an extensive system of simple 
hairs all over the body, and the “feathers” are distributed 
between these ; and we do not see any reason for assuming that 
the feathered are superior to the simple hairs for gathering and 
carrying pollen. Some bees, Prosopia, Ceratina, have very 
little hair on the body, but nevertheless some plumose hairs 
are always present even though they be very short. 

^ Trans, ent, Soc, 1878, p. 169. 
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Fia. 5. — HaiTR of Bees : A, simple hair 
from abdomen of Osmia; B, spitiil 
hair from abdomen of MegavkUe ; C, 
]>liimo8o hair from thorax of Altya- 
chile; D, from thorax of Andrewi 
doraata; E, from thoiox of Ptvaopia. 
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The hihd-legs of bees are very largely used in the industrial 
occupations of these indefatigable creatures; one of their chief 
functions in the female being to act as* receptacles for carrying 
pollen to the nest : they exhibit, however, considerable diversity. 
The parts most modified are the tibia and the first joint of the 
hind-foot. Pollen is carried by other parts of the body in many^ 
bees, and even the hiiid-leg itself is used in different ways for tl^e 
. purpose: sometimes the outer face 

. of the tibia is highly polished and 

its margins surrouniW by hair, in 
which cose pollen plates are said to 
exist (Fig. 6, A) ; sometimes the first 
\ i joint of the tarsus is analogous to 
\ ) the tibia both in structure and 
^ ^ V y function ; in other cases the hind- 

f jj W / legs are tliick and densely covered 

Ivy with hair tliat retains the pollen 
between the separate haira In this 
VL^ pollen is carried. home in a 

= state, while, in the species with 

\ \n pollen plates, the pollen is imide 
^ \i'l/ c ^ ^ clay-liko consist- 

\ 7 ^ cnee.' The legs also assist in arrang- 
' / « ' pollen on the other parts of 

‘ " the body. The males do not carry 

Pia ^OTker of tte honey-bee poUen, aiid though their hind-legs 
with pollen plates ^ ' r - n a-u i i. xt 

laden ; B, basal ixirtions of a are also highly modified, yet the 

hairs and grains of pollen; c, one those of the female, and their func- 
hair beanng pollen-grains. tioiiB arc in all probability sexual. 

The parasitic bees also do not carry pollen, and exhibit another 
series of structures. The most interesting case in this series of 
modifications is that found in the genus Apis, where the hind-leg 
of male, female, and worker are all different (Fig. 25); the limb 
in the worker being highly modified for industrial purposes 
This case has been frequently referred to, in consequence of the 
difficulty that exists in connection with its heredity, for the 

^ The mode of wotting the pollen is not dear. Wolff says it is done by an ezu- 
dation from the tibia ; H. Mttllei: by admixture of neotar from tlie bee’s' mouth. 
The Utter view is more probably oorreot. 
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structure exists in neither of the parents. It is, in fact, a wise 
of a very special adaptation appetiring in the majority of the 
individuals of each generation, tliough nothing of the sort occurs 
in either parent. « 

The proboscis of the bee ^ is a very complex organ, and in its 
•extremely developed forms exhibits a complication of details and 
a. delicacy of structure that elicit the admiration of all who study 
it. In the lower bees, however, especially in Pnmpis, it exists 
in a comparatively simple form (Fig. 9, 11, ('), that dihers but little 
from what is seen in some Vespidae or Fossores. The upper lip 
and the mandibles do not take any part in the formation of the 
bee’s proboscis, which is consccpiently entirely made up from the 
lower lip and the maxillae, the former of these two organs ex- 
hibiting the greatest modifications. The proboscis is situate on 
the lower part of the head, and in repost*, is not visible ; a portion, 
and that by no means an inconsiderable one, of its modifications 
^ being for the purpose of its withdrawal ami luotection when hot 
in use. For tliis object the under sitle of the hemj is provided 
with a very deep groove, in which the whole organ is, in bees 
with a short proboscis, withdrawn ; in the Apidae with a long pro- 
boscis this groove also exists, and the ])asal part of the ])robo8ciH 
is buried in it during repose, while the other parts of the elon- 
gate organ are doubled on the basal part, so that they extend 
backwards under the l)ody, and the front end or tip of the tongue 
is, when in repose, its most posterior part. 

For the extrusion of the proboscis there exists a Kpccial 
apparatus that comes into play after the ma.ndibles are unlocked 
and the labrum lifted. This extensive apparatus cannot be satis- 
factorily illustrated by a drawing, as the parts composing it are 
placed in different planes ; but it may be described by saying 
that the caido, or basal hinge of the maxilla, changes from an 
oblique to a vertical position, and thrusts the base of the pro- 
boscis out of the groove. The maxillae form the outer sheath of the 
.proboscis, the lower lip its medial part (see Figs. 7 and 9); the 
base of the lower lip is attached to the submentum, which rises 
with the cardo so that labium and maxillae are lifted together ; 
X the co-operation of these two parts is effected by an angular piece 
called the lorum, in which the base of the submentum rests ; the 

' In studying the proboscis the student will do well to take a Bomhu as an 
example ; its anatomy being more easily deciphered than that of the honey-bee. 
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«ubmentum is articulated with the mentum in such a manner that 
the two can either be placed in planes at a right angle to one 
another, or can be brought into one continuous plane, and by this 
change of plane tlie basal part of the tongue can also be thrust 
forwards. There is considerable variety in the lengths of these 
parts in different genera, and the lorum varies in shape in accord-* 
ance with the length of the submentum. The lorum is -a 
peculiar piece, and its mechanical adaptations are very remark- 
able; usually the base of the submentum rests in the angle 
formed by the junction of the two sides of the lorum, but in Xylo- 
iiopa, where the submentum is unusually short, this part reposes 



Fia. 7. — Side view of basal portions of prolK>scis of Bombm. n, Epip1iar3'iigeal sclerites ; 
6, an*ow indicating the ixmitioii of the entrance to pharynx, wliicli is concealed by 
the epipharynx, c ; d, hypopharyiigeal sclerites ; r, vacant space between the scales 
of the maxillae through which tlie nectar comes : /, lot)e ; stiptss ; //, cardo of 
maxilla : A, encephalic pillar on which the cardo swings ; angle of junction of lores 
and submentiiin lorum ; A, mentum ; base of labial palp ; vi^ maxillary palp. 

in a groove 011 the back of the lorum, this latter having a very 
broad truncated apex instead of an angular one ; in the condition 
of repose the apex of the lorum rests in a notch on the middle of 
the back of the oral groove, and in some of the forms with elon- 
gate submentum, this depression is transformed into a deep hole, 
or even a sort of tunnel, so as to permit the complete stowing 
away of the base of the tongue, which would otherwise be pre- 
vented by the long submentum ; another function of the lorum 
appears to be that, as it extends, its arms have an outward thrust^ 
and so separate the maxillae from the labium. In addition to 
these parts there are also four elongate, slender sclerites that are 
only brought into view on dissection, and that no doubt assist in 
correlating the movements of the parts of the mouth and hypo- 
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pharynx ; one pair of these strai)-like pieces extends luickwarda 
from the two sides of the huso of the epipharynx ; Huxley called 
them sclerites of the oesophagus ; a better name would be 
epipharyngeal sclerites (Fig. 7, a ) : the other pair pass from the 
terminations of the epipharyngeal sclerites, along the front face of 
the hypopharyiix, down to the mciitum, their lower parts being 
concealed by the stipites of the maxillae ; these aic the hypo* 
pharyngeal sclerites, and wg l)clieve it will prove tliat tht‘y play 
a highly important part in deglutition. When the labruni of a 
bee is raised and the proljoscis dcpi'ossed, thi^ epi])harynx is seen 
hanging like a curtain from the roof of the liead ; this structure 
plays an important part in the act of deglutition. The entranci*. 
to the pharynx, or conimeucemcnt of the alimentary canal, is 
placed below the Iwise of the cpiplmrynx. As we are not aware 
of any good delineations of the basjil )){irts of tlie juoboscis we, 
give a figure thereof (Fig. 7). The maxillae in the higher bees 
are extremely modified so as to form a sheatl), and their palpi 
arc minute ; in the lower bees the pilpi have*, the structure usual 
in mandibulatc Insecta 

Returning to the consideration of the lower lip, wi3 find tliat 
there is attached to the nientum a pair of elongate organs that 
extend forwards and foriii a tube or sheath, enclosed by llie 
inaxillary sheath we have previously mentioned ; tlicsc? are tin*, 
greatly modified labial palpi, their distal parts still retaining the 
Xmlpar form ; and in the lower bet^s tlic laliial palpi are, like the 
maxillary, of the form usual in mandibulatc Insects. Retween 
the labial palps and the centnd organ of the lip there is attached 
a pair of delicate organs, the piraglossae. 

There remains for consideration the most remarkable j)art of 
the proboscis, the long, delicate, hairy organ which the bee 
thrusts out from the tip of the shining tul>e formed bj the labial 
palps and the maxillae, descrilx3d above, and which looks like 
a prolongation of the nientum. This organ is variously called 
ligula, lingua, or tongue.' We prefer the first of these names. 

According to Breithaupt and Cheshire the structure of the 
ligula is highly remarkable ; it is a tube (filled with fluid from 
the body cavity), and with a groove underneath caused by a large 
part of the circumference of the tube being iuvaginated; the 

^ Leuckart proposed the term lingula ; but the word gives rise to the impression that 
it is a mistake for either lingua or ligula. Packard calls the part “ hypopharynx.'* 
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invagiiiated part can be thrust out by increase of the pressure of 

the fluid in the tube. A portion 
of the wall of the invaginate part 
is thickened so as to form a chiti- 
iious rod. 

This description will sufiioe for <’ 
present purposes, as the other parts 
of the mouth will be readily re- 
cognised by the aid of figure 9, A, 
B, C. In the exquisitely endowed 
South American gemis JSv{^lo88a (Fig. 
18), the proboscis is somewhat longer 
than the whole of the body, so that 
its tip in repose projects behind 
the body like a sting. 

Tlie correct nomenclature of the 
parts connected with the lower lip 
is not definitely settled, authorities 
not being agreed on several points. 

do. 8.-T™ns»-er« »«oUon of Ugnia The whole of the proboscM is usually 

of honey-ixjo, diagraniatic. A called the tongue ; this, howcver, is 
With the loug sac iiivaginato. B, , j.* 

evagiiiate: «, chitiiious envelope admittedly an erroiicous application 

with tho bawM of tiw haire ; 6, of this term. The terminal deli- 
Tocl ; e, groove of rod ; </, lumen ^ i 

due in A to invagination of tiic cate, elongate, flexible organ is by. 

To»i, in B to ita evagiuatioii ; n, gome called the toiigue ; but this 
nerve j Ji*i tracnea. ■ ^ , i i . . 

again is wrong : the lingua in 
Insects is the hypopharynx ; this part is devcloiied in a peculiar 
manner in bees, but as it is not tongue-like in shape, the term 
lingua is not suitable for it, and should be dismissed altogether 
from the nomenclature of the bee’s trophi ; it is used at present 
in two different senses, both of which are erroneous. We see no 
objection to describing the flexible apical portion of the proboscis 
as the ligulo. The lorum is probably a special part peculiar to 
the higher bees; according to Saundei^ it is not present fts a 
specialised part in some of the primitive forms.^ The application ■ 
of the terms mentum, submeutum and hypoglottis is open to the 
same doubts that exist with regard to them hi so many other 

\ For figures and descriptions of the proboscides of British bees, refer to £. Saun-'' 
ders, Jour, Linn, Soe, xxiii. 1890, pp. 410-432, plates : and for details of 

the minute structure and fiinotion to Cheshire, Bub and Bu-htBping, vol. i. 
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Insects, and we have omitted the term hypoglottis altogether, 
though some may think the mcntum entitled to that name. 

The way in which the proboscis of the bee acts has luHni very 
largely discussed, with 
special reference to the 
question as to whether it is 
a sucking or a licking action. 

It is impossible to consider 
either of these terms as 
applicable. The foundation 
of the action is capillary 
attraction, by which, and by 
slight movements of increase 
and contraction of the 
capacity of various pirts, the 
fluid travels to tlie cavity 
in front of the hypopharynx : 

^heie tlie sades of tlie 
fliaxillae leave u vacant 
’ space, (Fig. 7, e) so that a 
cup or cavity is formed, the 
fluid in which is within 
reach of the tip of the depen- 
dent epipharynx (c*), which 
hangs down over the front 
of the hypopharynx (and is 
so shaped that its tip covers 
the cup) ; it is between 
these two parts that the 
fluid passes to reach the 
pharynx. It is no doubt 
to slight movements of the 
membranous parts of the 
hypopharynx. and of the 
epipharynx that the further progress of tlie nectar is due, aided 
by contraction and expansion of the pharynx, induced by muscles 
aUached to it. It should lie recollected that in addition to the 
movements of the head it^lf, the hypopharynx is constantly 
changing its dimensions slightly by the impulses of the fluid of 
the general body cavity ; also that the head changes its position, 

. VOL. VI c 



Fici. 0 . --A. Proboscis of a “ loiig-ttiiigucil *’ bee, 
Anthiphura pUiiiea ; B, lower, C, iipiicr view 
of proboscis of an “ obtuse-toiigueil ’* l»ee, 
Prompift pithrsr,t>iin. r/, Iwibniiii ; A, stiiws ; 
f, ])n1piger ; r/, scule : J\ bibe ; ;/, pnlpiis ; 
A, canlo, of itiaxilla : /, loriiiti ; I*, Miibineiituiii ; 
f, ineiitiiin ; w, labinl pnlp ; ii, isiriiKloHsa ; 
fi, ligtila ; 7/, tip of ligultt ( witli '* spoon " at tip 
and some of the hairs more magnified) ; 7, 
bypopharyngeal Mlerites. 
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and that the proboscis is directed downwards as well as forwards. 
Those who wish to pursue this subject should refer to the works 
of Breithaupt ' and Cheshire. ' * 

The other external characters of the Beesi call for little 
;nark. The proiiotum is never very large or much prolonged in 
front, and its hind angles never repose on the tegulae as they dO 
in the wasps,® but extend backwards below the tegulaa The hind 
body is never narrowed at the base into an elongate pedicel, as it 
so frequently is in the Wasps and in the Fossors ; and the pro- 
podeum (the posterior part of the thorax) is more perpendicular 
and rarely so largely developed as it is in the Fossors ; this last 
character will as a rule permit a bee to be recognised at a glance 
from the fossorial Hymenoptera. 

Bees, as every one knows, fi-equent flowers, and it is usually 
incorrectly said that they extinct honey. They really gather 
nectar, swallow it, so that it goes as far as the crop of their ali- 
mentary canal, called in English the honey-sac, and is ingurgi- 
tated as honey. Bertrand states that the nectar when gathered 
'is almost entirely pure saccharose, and that when regurgitated it 
is found to consist of dextrose and levulose this change appears 
to be practically the conversion of cane- into grape-sugar. A 
small quantity of the products of the salivary glands is added, 
and this probably caust^s the change alluded to ; so that honey 
and nectar are by no means synonymous. According to Cheshire 
the glandular matter is added while the nectar is being sucked, 
and is passing over the middle parts of the lower lip, so that 
the nectar may be honey when swallowed by the bee. In 
addition to gathering nectar the female bees are largely occupied 
in collecting pollen, which, mixed with honey, is to serve as 
food for the colony. Many, if not all, bees eat pollen while 
collecting it. The mode in which they accumulate the pollen, 
and the mechanism of its conveyance from hair to hair till it 
reaches ^the part of the body it must attain in order to be removed 
for packing in the cells, is not fully understood, but it appears 
to be accomplished by complex correlative actions of various parts'; 
the head and the front legs scratch up the pollen, the legs move 
with great rapidity, and the pollen, ultimately reaches its desti- 
nation. The workers of the genus Apis, and of some other scicml 

^ Breithaupt, Arch. N€tturgea, lii. Bd. i. 1886, p. 47. 

3 Sco Fig. 26, p. 71. * Bull. Mus. Paris, L 1895, p. 38. 
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bees^ have the basal joint of the hind foot specially adapted to 
deal with pollen (Fig. 25, 2). We have already mentioned the 
modifications of the legs used for its conveyance, and need licre 
only add that numerous bees— the Uasygastres — carry the pollen 
bj^ aid of a special and dense clothing of hairs on the underside 
of the abdomen. 

The buzzing of bees (and other Insects) has been for long a 
subject of controversy : some having maintained that it is pirti- 
ally or wholly due to the vibration of parts connected with the 
spirdcles, while others have found its cause in the vibrations of 
the wings. According to the obseivations of PtSrez and Tlellesme,^ 
two distinct sounds are to be distinguished. One, a deep noise, 
is due to the vibration of the wings, and is pioduced whenever a 
certain rapidity is attained ; the other is an acute sound, and is 
said to be produced by the vibrations of the walls of the thorax, 
to which muscles are attached ; this sound is s]^)ecially evident 
I ig Diptera and Hymenoptera, because the integument is of the 
right consistence for vibration. Both of these observers agree that 
the spiracles are not concerned in the matter. 

The young of bees are invariably reared in cells. These 
(except in the case of the parasitical bees) are constructed by 
the mothers, or by the transfornuid females cnlled workers. 
The solitary b(%s store the cells with food, and close up each cell 
after having laid an egg in it, so that in these cases each larva 
consumes a special store previously provided for it. The social 
bees do not close the cells in which the larvae ai'e placed, and 
the workers act as foster-mothers, feeding the young larvae after 
the same fashion as birds feed their nestling young. The food is 
a mixture of honey and pollen, the mixing being effected in various 
ways and proportions according to the species ; the honey seems 
to be particularly suitable to the digestive organs of ^he young 
larvae, and those bees that make closed cells, place on the outside 
of the mass of food a layer more thickly saturated with honey, 
and this layer the young grub consumes before attacking the 
drier ^rts of the provisions. The active life of the larva is 
quite short, but after the larva is full-grown it usually passes a 
more or less prolonged period in a state of quiescence before 
asBuming the pupal form. The pupa shows the limbs and other 
parts of the perfect Insect in a very distinct manner, and the 
^ C.R, Ac, Paris, Ixxxvii. 1878, pp. 378 and 536. 
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development of the imago takes place gradually though quickly. 
Some larvae spin cocoons, others do not. 

A very large number of bees are parasitic in their habits, 
laying an egg, or sometimes more than one, in the cell of a work- 
ing bee of some species other than their own ; in such cases the 
resulting larvae eat and grow more quickly than the progeny' bf 
the host bee, and so cause it to die of starvation. It has been 
observed that some of these parasitic larvae, after eating all the 
store of food, then devour the larva they have robbed. In 
other cases it is possible that the first caYe of the parasitic larva, 
after hatching, is to eat the rival egg. 

The taxonomy of bees is in a very unsatisfactory state. The 
eiirlier Hymenopterists were divided into two schools, one of 
which proposed to classify the bees according to their bibits, 
while the other adopted an arrangement depending on the length 
of the parts of the mouth, the development of the palpi, and the 
form and positions of the organs for wirrying pollen. Neither 
of these arrangements was at all satisfactory, and some ento- 
mologists endeavoured to combine them, the result being a 
classification founded partly on habits and partly on certain 
minor structural charactera This course has also proved unsatis- 
factory ; this is especially the case with exotic bees, which have 
been placed in groups that are defined by habits, although very 
little observation has actually been made on this point. 
Efforts have recently been made to establish an improved classifi- 
cation, but as they relate solely to the Eurojx^an bees they are 
insufficient for general purposes. 

The more important of the groups that have been recognised 
are — (1) the Obtusilingues, short-toiigued bees, with the tip of the 
lingua bifid or broad ; (2) Acutilingues, short-tongued bees, with 
acute tip to the tongue ; these two groups being frequently treated 
of as forming tlie Andrenidae. Coming to the Apidae, or the 
bees with long and folded tongues, there have been distinguished 
(3) Scopulipedes, bees carrying pollen with their feet, and (4) 
Diisygastres, those that carry it under the abdomen ; some of the 
parasitic and other forms have l^een separated as (5) Denudatae 
(or Cuculinae); the Bombi and the more perfectly social bees 
forming another group, viz. (6) Sociales. A group Andrehoides, 
or Panur^des, was also proposed for certain bees considered to 
belong to the Apidae though exhibiting many points of reseih- 
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blance with the Aiidrenidae. Tliiu arrangement is by no means 
satisfactory, but as the tropical l)ecs have been but little collected, 
and are only very imperfectly known, it is clear that we caumot 
hope for a better classification till collections have be0n very 
much increased and improved. The an’aiigemcnt adopted in 
Dalla ToiTe’s recent valuable catalogue of l)ees ^ recognises no less 
than fourteen primary divisions, but is far from satisfactory. 

The two genera Prosopis and Sphecodes have Ihhui rcctjntly 
formed into a special family, AitciiiAriDAR, by Kriese,^ who, how- 
ever, admits that then association is not a natural one. The 
term should be limited to Prostpu and the genera into wliich it 
has been, or shortly will lx?., dividcxl. The primitive*, nature of 
the members of this genus is exhibited in all the external 
characters that are most distinctive 
of bees; the proboscis (Fig. 9, B, C), is 
quite short, its ligula being very short, 
and insteiid of being pointed having 
?i concave front margin. The body 
is almost bare, though there is some 
very short fejithcred plumage. The 
hind legs are destitute of nuxlificii- 
tions for industrial purposes. Owing 
to these peculiarities it was for 

long assumed that tlic species of fw. 10. — Hiffiiata. Coni* 
Prosopis must be parnaites. This femiTcI“oV 

is, however, known not to be the 

case so far as many of the species arc conccriiixl. They form 
cells lined with a silken membrane in the stems of brambles 
and other plants that aro suitable, or in burrows in the 
earth, or in the mortar of walls ; individuals of the same species 
varying much as to the nidus they select. The food they store 

in these cells is much more liquid than usual, and has been 

supposed to be entirely honey, since th(*.y have no apparatus for 
carrying pollen. Mr. E. C. L. Perkins has, however, observed 
that they swallow both pollen and nectar, brushing the first* 

named substance to the mouth by aid of the front legs. He 

' Catalogua Hyinenqptcrorum, Leiiusig, 10 vols. 1892-96 ; Jicea, vol. x. 

^ Zool. Jhhrb, Syst. iv. 1891, p. 779. This jiaper is a most valuable summary 
of what is known as to the habits of Eurof)ean solitary bees, but is less satisfactory 
from a systematic point of view. 
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has ascertained that a few of the very numerous Hawaiian species 
of the genus are really parasitic on their congeners : these parasites 
are destitute of a peculiar arrangement of hairs on the front 
legs of the female, the possession of which, by some of the non* 
parasitic forms, enables the bee to sweep the pollen towards its 
> mouth. These observations show that the structural peculiariti^ 
of Prosopii are correlative with the habits of forming a peculiar 
lining to the cell, and of gathering pollen by the mouth and 
conveying it by the alimentary canal instead of by external parts 
of the body. Prosopis is a very widely^ distributed genus, and 
very numerous in species. We have ten in Britain ; several of 
them occur in the grounds of our Museum at Cambridge. 

The species of the genus Colletes are hairy bees of moderate 
size, with a good development of hair on the middle and posterior 
femora for carrying pollen. They have a short, bilobed ligula 
like that of wasps, and therein differ from the Andrenae, which 
they much resemble. With Prosopis they form the group Obtusi* 
Ungues of some taxonomists. They have a manner of nesting 
peculiar to themselves; they dig cylindrical burrows in the 
earth, line them witli a sort of slime, that dries to a substance 
like gold-beater’s skin, and then by partitions arrange the 
burrow as six to ten separate ceUs, each of which is filled 
with food that is more liquid than usual in bees. Except in 
regard to the ligula and the nature of the cell-lining, Colletes has 
but little resemblance to Prosopis ; but t^ie term Obtusilingues 
may be applied to Colletes if Prosopis be separated as Arcliiapidae. 
Wo have six species of Colletes in Britain. 

Sphecodes is a genus that has been the subject of prolonged 
difference of opinion. The species are rather small shining 
bees, with a red, or red and black, abdomen, almost with- 
out pollen-coUecting apparatus, and with a short but pointed ^ 
ligula. These characters led to the belief that the Insects are 
parasitic, or, as they are sometimes called, cuckoo-bees. But 
evidence could not be obtained of the fact, and as they were seen 
to make burrows it was decided that we have in Sphecodes 
examples of industrial bees extremely ill endowed for their work. 

. Becent observations tend, however, to prove thsiX, Sphecodes are to 
a large extent parasitic at the expense of bees of the genera 
'Hedictus and Andrena.. Breiteabach has taken out^ 

of the brood-cells of Halictus qmdricinctus ; and on one of the few 




occasions on which this bee has been found in Britain it was in 
circumstances that left little doubt as to its being a parasite of 
Aindrena nigroaenea. M^rchal ^ has seen S. subquadratm fight 
with Hodictm malctchui'us, 
and kill it previous to taking 
^possessipn of its burrows: 
and similar observations 
have been made by Fertoii. 

As the older observations of 
Smith, Sichel, and Friese 
leave little doubt that Sphc- 
codes are soinetimes indus- 
trial bees, it is liighly prob- 
able that we have in this „ , ... ^ . 

genus the interesting con- 
dition of bees that are sometimes parasitic, at other times 
^ not ; but so much obscurity still prevails as to the habits of 
Sphecodea that we should do well to delay accepting the theories 
that liave been already based on this strange state of mattera^ 
Friese states that in Sphecodes the first traces of collecting 
apparatus exist ; and, accepting the condition of ailairs os being 
that mentioned above, it is by no means clear whether we have 
in Sphecodes bees that are aliandoning the parasitic habit or com- 
mencing it; or, indeed, whether the condition of uncertainty 
may not be a permanent one. It is difficult to decide as to 
what forms are species in Sphecodes owing to the great variation. 
The Hymenopterist Forster considered that 600 specimens sub- 
mitted to him by Sichel represented no less than 140 species, 
though Sichel was convinced that nearly the whole of tliein 
were one species, S, gibbus. It has recently been found that the 
male sexual organs afford a satisfactory criterion. The position 
of Sphecodes in classification is doubtful. 

The great majority of the species of short-tongued bees found in 
Britain belong to ihe genera Andrena and Halictus^ and with some 
others constitute the Andrbnides of many writers. Halictus 
includes our smallest British bees. Their economy escaped the 
earlier observers, but has recently been to some extent imravelled 
by Smith, Fabre, Nicolas, Verhoeff, and others, and proves to be 

1 Bull, Soe. emt, Frunot^ 1894, p. cxv. 

* MBTchsl, Btv, Sd. 15th February 1890, and Ferton, Le. 19tli April. 
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of great interest and variety. Fabre observed H, lineolat^is and 
H, scxcimtua ^ under circumstances that enabled him to give them 
continuous attention, whenever requisite, throughout a whole year. 
These bees are to a certain extent social ; they are gregarious ; each 
bee works for its own progeny, but there is collaboration between 
members of a colony, inasmuch as a piece of general work iS 
undertaken from which more families than one .derive benefit. 
This common work is a gallery, that, ramifying in the earth, 
gives access to various groups of cells, each group the production 
of a single Halictm ; in this way one entrance and one corridor 
serve for several distinct dwellings. The work of excavation is 
carried on at night. The cells are oval, and are covered on the 
. interior with a delicate waterproof varnish ; Fabre considers this 
to be a product of the salivary glands, like the membrane we 
noticed when speaking of Colletea, In the south of France both 
sexes of these species are produced from the nests in September, 
and then the males are much more numerous than the females ; 
when the cold weather sets in the males die, but the females 
continue to live on in the cells underground. In the following 
spring the females come out and I'ccommence working at the 
burrows, and also provision the cells for the young ; the new 
generation, consisting entirely of females, appears in July, and 
from these there proceeds a parthenogenetic generation, which 
assumes the perfect form in September, and consists, as we have 
above remarked, in , greater part of males. P6rez,® Iiowever, 
considers that Fabre’s observations as to the parthenogenetic 
generation were incomplete, and that males might have been 
found a little earlier, and he consequently rejects altojgether 
the occurrence of parthenogenesis in Halietua, Nicolas con- 
firms Fabre’s observations, so far as the interesting point of the 
work done for common benefit is concerned ; and adds that the 
common corridor being too narrow to permit of two bees passing, 
there is a dilatation or vestibule near the entrance that facilitates 
passage, and also that a sentinel is stationed at this point. 

Smith's observations on Halictus morw in England lead 'one 
to infer that there is but one generation, the appearance of which 
extends over a very long period. He says, " Early in April the 
females appeared, and continued in numbers up to the end of 

^ O.J?. Ac, Paris, Ixxxix. 1879, p. 1079, and Ann. Slat. Nat. (6), ix. 1879, Ifo. 4. 

* Act. Soe. Pardcaux, xlviii. 1895, p. 145. 



I 


BEES — ANDRENIUES 


June”,; then there was an interval, and in the middle of August 
males began to appear, followed in ten 
or twelve days by females. Hence it is 
probable that in different countries the 
times of appearance and the number of 
^^nerations of the same species may vary. 

Verhoeff has described the burrows of 
HalutuB quadrieimtus with some deUiil. 

The cells, instead of l)cing distributed 
as usual throughout the length of the 
burrow one by one, ara accumulated 
into a mass placed in a vault communi- 
cating with the shaft. This shaft is 
continued downwards to a depth of 10 
cm., and forms a retreat for the l)ecs 
when engagtid in construction. Several 
advantages are secured by this method, 
especially better ventilation, and pro- 
tection from any water that may eiitiT Fio. 12.— Nesting of j/tUitiM 
the shaft The larvae that ate pimnit 

in the brood-chambers at any one ibereto ; w, retmit or wm- 

, 1 • .1 • linuatioii of llie burrow ; w, 

moment differ much in their aBOS, a the veuit. ; the neeumui.- 
fect that throws some doubt on the 

supposed parthenogenetic generation. igcn ; wnW not incniiou<Mi.) 
No cocoons are formed by these Jfalietm, 

the polished interior of the cell being a siiflliciently refined resting 
place for metamorphosis. Verhocjff states that many of the 
larvae are destroyed by moiddmess ; this indeed, he considers to 
be the most deadly of the enemies of Aculeate Hymenoptera. 
The nest of Halictm imcvltUus has also been liriefly described 
by Verhoeff, and is a very poor construction in comparison with 
that of H. quadricimtuB, 

Tlie genus Aiidremi includes a great number of species, 
Britain possessing about fifty. They may be described in a 
general manner as Insects much resembling the honey-lice — 
for which, indeed, they are frequently mistaken — but usually a 
little smaller in size. Many of the bees we see in spring, in 
March or April, are of this genus. They live in burrows in the 
ground, preferring sandy places, but frequently selecting a gravel 
path as the locality for their operations ; they nearly always live 
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- in Golc^es. Great difficulties attend their study on account of 
several points in their economy, such as, that the sexes are 
different, and frequently not found together ; also that there may 
be two generations of a species in one year, these being mote or 
less different from one another. Another considerable difficulty 
arises from the fact thi^t these bees are subject to the attacks of 
the fmiasite Stylops, by which their form is more or less alteind. 
These Insects feed in the body of the bee in such a way as to 
, affect its nutrition without destroying its life ; hence they offer a 
means of making experiments that may throw valuable light on 
obscure physiological questions. Among the effects they produce 
in the condition of the imago bee we may mention the enfeeble- 
ment of the sexual distinction, so that a stylopised male bee 
becomes leas different than it usually is from the female, and a 
stylopised female may be ill developed and less different than 
usual from the male. The colours and hair are sometimes altered, 
and distortion of portions of the abdominal region of the boe are 
very common. Further particulars as to these parasites will be 
found at the end of our account of Goleoptera (p. 298). We may 
here remark that these Stylops are not the only parasitic Insects ' 
that live in the bodies of Andrenidae without killing their hosts, 
or even interrupting their metamorphoses. Mr. S. C. L. Perkins 
recently captured a specimen of Halictua 
rvhioundusSvoin which he, judging from the 
appearance of the example, anticipated that 
a Siylops would emerge ; but instead of this 
a Dipterous Insect of the family Chloropidae 
appeared. Dufour in 1 8 3 7 called attention 
to a remarkable relation existing between 
Andrew aterrimamA a parasitic Dipterous 
larva. The larva takes up a position in 
the interior of the bee’s body so as to be 
partly included in one of the great tracheal 
Fzo. i3.>-Piira8itio Dipterous vesicles at the base of the abdomen ; and 

^ maintains the parasite in its 
drena aUrrima. (After position, and at the same time supplies it 
with air by causing two tracheae to grow 
into its body. Dufour states that he demonstrated the continuity 
of the tnuiheae of the two organisms, but it is by no means clw 
that the continuity was initially due to the bee’s organisation. 
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Daaypoda hirtipes apmara to be the uiost highly endowed of 
the European Andrenideft The 
Insects of the * genus Da^poda 
are-* very like Andreha, but 
have only two in place of three 
submarginal cells (just beneath 
the stigma) on the front wing. 

The female of D. hirtipes has a 
very dense and elongate pubes- 
cence on the posterior legs, -and 
carries loads of pollen, each alx)ut 
half its own weight, to its nest. 

The habits of this insect have l)con described by Hermann 
Muller.' It forms burrows in the ground after the fashion of 
Andrena; this task is imcomplishod 1)y excavating with the 
mandibles ; when it has detaclunl a certain quantity of the earth 
it brings this to the surface by moving luickwards, and then dis- 
tributes the loose soil over a considerable area. It accomplishes 
this in a most beautiful manner by means of the combined action 
of all the legs, each piir of these limbs performing its share of , 
the function in a difTerent manner ; the front legs acting with 
great rapidity — making four movements in a second — push the 
sand backwards under the l)ody, the bee moving itself at the 
same time in this direction by means of the middle pair of legs ; 
simultaneously, but with a much slower movement, the hind legs, 
are stretched and moved outwards, in oar-like fashion, from the 
body, and thus sweep away the earth and distrilmte it towards • 
each side. This being done the bee returns quickly into the hole, 
excavates some more earth, brings it up and distributes it. Each 
operation of excavation takes a minute or two, the distribution 
on the surface only about fifteen seconds. The burrow extends 
to the length of one or two feet, so that a considerable amount of 
earth has to be brought up ; and when the Insect has covered one 
part of the circumference of the mouth of* the hole with loose 
earth, it makes another patch, or walk, by the side of the first. 
The main burrow being completed, the Insect then commences 
the formation of brood-chambers in connection with it. Three to 
six such chambei-s are formed in connection with a burrow ; the 
lower one is first* made and is provisioned by the bee : for this 
^ ^ ' Verh. Ver, Rheinland, xli. 1884, p. 1. ^ 
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purpose five or six loads of pollen are brought to the cell, each 
load being, as we have already remarked, about half the weight 
of the Insect. This material is then formed into a ball and made 
damp with honey ; then another load of pollen is brought; is 
mixed with honey and added as an outer layer to the ball, which 
is now remodelled and provided on one side with three short feet, 
after which an egg is placed on the top of the mass ; the bee 
then sets to work to make a second chamber, and uses the 
material resulting from the excavation of this to close completely 
^ the first chamber. The other chambers are subsequently formed 
in a similar manner, and then the burrow itself is filled up. 
While engaged in ascertaining these facts, Miillcr also made 
some observations on the way the bee acts when disturbed 
in its operations, and his observations on this point show 
a very similar instinct to that displayed by Chalicodoma, 
referred to on a subsequent paga If interrupted while storing a 
c)iaml)er the Insect will not attempt to make a fresh one, but 
will carry its stock of provisions to the nest of some other 
individual. The result of this proceeding is a struggle between 
the two bees, from which it is satisfactory to learn that the 
rightful proprietor always comes out victorious. The egg placed 
on the pollen-ball in the chamber hutches in a few days, giving 
birth to a delicate white ttrva of curved fonn. This creature 
embraces the pollen-ball so far as its small size will enable it to 
do so, and eats the food layer by layer so as to pi'eserve its 
circular form. The larva when hatched has no anal orifice 
and voids no excrement, sq tliat its food is not polluted ; a 
proper moulting apparently does not take place, for though a 
new delicate skin may be found beneath the old one this latter is 
not definitely cast off. When the food, which was at first 100 
to 140 times larger than the egg or young larva, is all consumed 
the creature then for the first time voids its refuse. During 
its growth the larva becomes red and increases in weight from *0025 
grains to *26 or *35 grains, but during the subsequent period of 
excretion it diminishes to *09 or *15 grains, and in the course of 
doing so becomes a grub without power of movement, and of a 
white instead of a red colour. After this the larva reposes 
motionless for many months — in fact, until the next summer, when 
it throws off the larval skin and appears as a pupa. The larval 
skin thus oast ofi* contrasts greatly with the previous delicate condi- 
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tion of the integument, for this last exuvium is thick and rigid. 
Although it voids no excrement till much later the union of the 
stomach and hind-intestine is accomplished when the larva is 
half-grown. A larva, from which Muller took away a portion of 
its unconsumed food-stoiv, hegtin directly afterwards to emit 
excrement. The pupa has greater power of movement than 
the resting larva; when it has completed its metamorphosis 
t and become a perfect Insect, it, if it l>e a female, commences 
almost immediately after its emergence to form burrows by the 
complex and perfect scries of actions we have described. 

Parasitic Bees (Dknudatak)* — This group of parasitic bees 
includes fourteen European genera, of which six are Jlritish. 
They form a group taxonomieally most unsatisfactory, the 
members having little in common except the negative characters 
of the absence of pollen-carrying apparatus. Although there 
is a great dearth of information as to the life- histories of 
parasitic bees, yet some highly interesting facts and generalisa- 
tions about their relations with their hosts have already l)een 
obtained. Verhoeff has recently given the following account of 
the relations between the parasitic l)ce Stelis minnta and its 
Osmia lencomelana : — The Osmia forms cells in l»lackl)erry 
stems, provisions them in the usual manner, and deposits an 
egg in each. But the lays ^n egg in the store of pro- 

visions before the Osmia does, and thus its egg is placed lower 
down in the mass of food than that of the legitimate owner, 
which is in fact at the top. The Stelis larva emerges from the 
egg somewhat earlier than the Osmia larva does. Ecir a (?on- 
siderable time the two larvae so dLsclosed consume together the 
stock of provisions, the Osmia at the upper, the Stelis at the lower, 
end thereof. By the consumption of the provisions tlic two larvae 
are brought into proximity, and by this time the Hielis larva, being 
about twice the size of the Osmia larva, kills and eats it. VerhoeiT 
witnessed the struggle between the two larvae, and states further 
that the operation of eating the Osmia larva after it has been 
killed lasts one or two days. He adds that parasitic larvae are 
less numerous than the host larvae, it being well known that 
parasitic bees produce fewer oiTspring than host bees. Verhoefif 
further states that he has observed similar relations to obtain 
between the larvae of other parasitic bees and their hosts, but warns 
us against concluding that the facts are analogous in all cases. 
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Fabre has nuide us acquaint some points in the history of 
another species of the same genus, viz. Stelh namta, that show a 
decided departure from the habits of S^ minuta. The first-named 
Insect accomplishes the yery difficult task of breaking open the cells 
of the mason-bee, Chqlieodoma muraria, after they have been sealed 
up, and then, being an Insect of much smaller size than the Chali- 
codoma, places several eggs in one cell of that bee. Friese informs 
us tliat parasitic bees and their hosts, in a great number of cases, * 
not only have in the perfect stiite the tongue similarly formed, 

but also frequent the same "species 
of flower ; thus Colletes daviesanus 
and its parasite Epeolm 'oariegatus 
both specially affect the flowers of 
Tanacetum vtUgare, Some of the 
parasitic bees have a great resem- 
blance to their hosts ; Stelis dgruita, 
for instance, is said to be so like 
Anthidium strigatum that for many 
Fra. 15.— iVoiM^ia 9 . years it was considered to be a 

species of the genus Anthidium, 
In other cases not the least resemblance exists between the 
parasites and hosts. Tims the species oi 'Nomada that live at 
the expense of species of the^genus Andrena liave no resemblance 
thereto. ^ Friese further tells us that the Andrena and Nomada 
are on the most friendly terms. Andrena, as is well known, 
forms populous colonies in banks, paths, etc., and in these colonies 
the destroying Upmada flies about unmolested ; indeed, according 
to Friese, it is treated as a welcome guest. He says he has often 
seen,* and in several localities, Nomada lathhuriana and Andrenfib 
ovina flying peacefully together. The Nomada would enter a 
burrow, and if it found Andrena therein, would come out and , 
try another burrow ; if when a marauding Nomada was in a 
burrow, and the rightful owner, returning laden with pollen, 
found on entering its home that an uninvited guest was therein, 
the Andrena would go out in order to permit the exit of the 
Nomada, and then would again enter and add the pollen (o the 
* store. Strange as this may seem at flrst sight, it is really not 
so, for, as w^ have before had occasion to observe, there is not the 
slightest reason for believing that host Insects have any idea 
whatever that the parasites or inquilines are injurious to theif 
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■ race. Why then should they attack the oreaturea ? Provided the 
parasites do not interfere in any unmannerly way with the hosts 
and their work, there is np reason why the latter should resent 
their presence. The wild bee that seals up its cell when it has 
laid an egg therein, and then leaves it for ever, has no conception 
Bf the form of its progeny ; never in the history of the race of the 
Avdrena has a larva seen a perfect insect and survived thereafter," 
never has a perfect Insect seen a larva. There is no reason what- 
ever for believing tliat these Insects have the least conception of 
their own metamorphosis, and how then should they have any 
idea of the metamorphosis of the parasite ? If the Andrena found 
in the pollen the egg of a parasitic Nomada, it could of course 
easily remove the egg; but the ATidrena has no conception 
that the presence of the egg ensures the death of its own 
offspring and though the egg bo that of an enemy to its race, 
why should it resent the fact ? Is it not clear that the race has 
always maintained itself notwithstanding the enemy ? Nature has 
^brought about that botli host and parasite should successfully 
co-exist ; and each individual of each species lives, not for itself, 
but for the continuance of the species ; that continuance is pro- 


vided for by the relative fecundities of host and guest. Why 

then should the Andrena feel ^ ^ 

alarm ? If the species of Nomada 9 

attack the species of Andrena too ^ V 

much it brings about the de- 

struction of its own species 

more certainly than that of the 

Such extremely friendly rela- F ^ 

tions do not, however, exist be- / Y 

tween aU the parasitic bees and rio.i6.-MaectaiMct^ 9. Britain, 
their hosts. Friese says that, so 


. far as he has been able tet observe, the relations tetween the two 


are not in general friendly. He states that marauders of the 
genera Mdecta and Coelioxys seek to get out of the way when 
they see the pollen-laden host coming home. But he does not 
appear to have noted any other evidence of mistrust between the 
,two, and it is somewhat doubtful whether this act can properly 
^be interpreted as indicating fear, for bees, as well as other 
animals, when engaged in work find it annoying to be interfered 
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with ; it is the interest of the parasite to avoid annoyance and to 
be well-mannered in its approaches. Shuckard, however, says that 
battles ensue between the parasite Melecta and its host Anthophora, 
when the two bees meet in the burrows of the Anthophora} 

We shall have occasion to remark on some of the habits of 
Dioxys cimta when considering the history of the mason -be^ 
*\Chalicodomd)^ but one very curious point in its economy must 
here be noticed. The IHoxys, which is a much smaller bee than 
the Chalicodoina, lays an egg in a cell of the latter, and the 
resulting larva frequently has more food in the cell than it can 
consume ; there is, however, another bee, Osmia eyanoxantha, that 
frequently takes advantage of an unoccupied cell in the nest 
of the Ch(dicodoma, and establishes its own offspring therein. 
The Dioxys, it seems, cannot, or at any rate does not, distinguish 
whether a cell is occupied by Chcduodovia or by Osmia, and some- 
times lays its egg in the nest of the Osmia, though this bee is 
small, and therefore provides very little food for its young. It 
might be supposed that under these conditions the IXoxys larVa^ 
would 1)6 starved to death ; but this is not so ; it has the power 
of accommodating its appetite, or its capacity for metamorphosis, 
to the quantity of food it finds at its disposal, and the egg laid in 
the Osmia cell actually produces a tiny specimen of IHoxys, only 
about half the natural sizi^ Both sexes of these dwarf Dioxys are 
produced, offering another example of the fact that the quantity 
of food ingested during the lifetime of the larva does not influ- 
ence the sex of the resulting imago. 

The highly endowed bees that remain to be considered are 
by some writers united in a group called Apidae, in distinction 
from Andrenidae. For the purposes of this work we shall adopt 
three divisions, Scopulipedcs, Dasygastres, Sociales. 

The group Scopulipedes includes such long-tongued, solitary 
bees as are not parasitic, and do not l)elong to the Dasygastres. 

It is not, however, a natural group, for the carpenter-bees 
{Xylo6opa) are very different from Anthophora, It has 
recently teen merged by Friese with Andrenides into a single 
group called Podilegidae. Four British genera, CeratiTia, Antho- 
phora, Eucera and Saropoda (including, however, only seven 

’ It is impossible for ns hero to deal with the question of the origin of the para- ^ 
sitic habit in bees. The reader wishing for information as to this may refer to 
Prof. Perez’s paper, Act. Soe. Bordeaux, xlvii. 1895. p. 300. 



I SCOPULIPEDES — CARPENTER-BEES 33 

species), are referi'ed to the Scoxiiilipedes ; in some forms a con- 
siderable resemblance to the Boiiibi is exhibited, indeed the 
female of one of our species of Anthophora is so very like the 
worker of Bomhm hortorum vir. harrisellm, that it would pu/zle 
any one to distinguish them by >a superiicial inspection, the 
colour, of the hair on the hind legs being the only obvions differ- 
ence. Aathophom is one of the most e)ctensive and widely 
distributed of the genera of bees. Some of the species make 
burrows in cliffs and form large colonies wliich are continued for 
many years in the same locality. Friese has published many 
details of the industry and metamorphoses of some of the s])ecieH 
of this genus ; tlie most remarkable point he has discovered being 
that A. persomtd at Stnisburg bikes two years to accomplish the* 
life-cycle of one generation. Some of the European spccitis of the 
genus have been found to be veiy subject to the attacks of para> 
sites. An anomalous beetle, SUnriH, has been found in the nests 

A, pilipes ; and this same AiUhophora is also pjirasitised by 
Aiother l)ectle, Meloe, as well as by a lx‘e of the genus Mdccta, 

The genus Xylocopa ' contains many of the largest and most 
powerful, of the bees, and is very widely distributed over tins 
earth. In Europe only four or five species have been found, and 
none of them extend far northwards, X, vioUicea being the only 
one that comes so far as Paris. They aft usually black or blue- 
black in colour, of broad, robust build, with shining integuments 
more or less covered with liair. X. violamt is known as the 
carpenter-bee from its habit of working in dry wood ; it does not 
touch living timber, but will form its nest in all sorts of dried 
wood. It makes a cylindrical hole, and this gives access to three 
or four parallel galleries in which the broad cells are placed ; tint 
cells are always isolated by a partition : the bee forms this by 
cementing together with the products of its salivary glands the 
fragments' of wood it cuts out. Its habits have been described 
at length by Reaumur, who alludes to it under the naihe of 
" abeille perce-bois.*' This bee hibernates in the imago condition, 
both sexes reappearing in the spring. Passibly there is more than 
one generation in the year, as Bdaumur states that specimens 
that were tiny larvae on the 12th of June had by the 2nd of July 
consumed all their stock of provisions; they then fasted for a few 
days, and on the 7th or 8th of July bechme pupae, and in the first 

. ' . ^ Refer to p. 70 poUta, note, os to a recent discovery about Xylocopa. * 

‘ VOL. VI ' . 1) 
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days of August were ready to emerge as perfect Insects. Thus 
the whole cycle of metamorphoses is passed through in aI)out 
eight weeks. This species^ though very clever in drilling holes, 
does not hesitate to appropriate old burrows should they be at 
hand. Fabre observed that it was also quite willing to save 
itself labour by forming its cells in hollow reeds of sufficient 
calibre. We have figured the larva and pupa of this species in 
tlie previous volume (p. 170). 

Xyloeopa cMoroptera in K India selects a hollow bamboo for 
its nidus; it cements together the pieces obtained in clearing 



Fio. Vi,— ’Xyloeopa (Koptmihosoim\ sp, oeor Jtavoniyrettcens, i, Sarawak. 

out the bamboo, and uses them as horizontal partitions to separate 
tlie tube into cells. The species is much infested with a small 
Chalcid of the genus Emyrtm: 300 specimens of the parasite 
have been reared from a single larva of the bee ; two-thirds of 
the larvae of this bee that Horne endeavoured to rear were 
destroyed by the little Chalcid. 

The most beautiful and remarkable of all the bees are 
the species of Euglossa, This genus is peculiar to Tropical 
America, and derives its name from the great length of the 
prpboscis, which in some species surpasses that of the body. The 
colours in Englossa proper are violet, purple, golden, and metallic 
green, and two of these are frequently combined in the most har- 
monious manner ; the hind tibia is greatly developed and forms 
a plate, the outer surface of which is highly polished, while the 
margins are furnished with rigid hairs. Very little is known as 
to the habits of these bees ; they were formerly supposed to be 
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social ; but this is doubtful, Bates having recorded that sur- 
inamemis forms a "solitary nest.” Lucas concluded that E: 
cordata is social, on the authority of a nest containing " a 
dozen individuals.” No workers 
are known. The species of 
Ifblema have a shorter tongue 
than Evfflossa, and in form 
and colour a good deal re- 
semble our species of Eomhits 
and Apathns. 

The group Dasyiustkes in- 
cludes seven European genera, 
four being British (Chelostoma 
being included in Iferunha). 

The ventral surface of the hind 
body is densely set in the 
females with regularly arranged 
hairs, by means of wliich the 
pollen is carried. In many of 
the Dasygastres {Meyivchile, 
the hibrum is very large, 
and in repose is inflected on 
to the lower side of the head, 
and closely applied to the 
doubled-in tongue, which it 
serves to protect; the man- 
dibles then lock together out- 
side the labrum, which is thus completely concealed. This group 
includes some of the most interesting of the solitary bees. 

The genus Chalicodoma is not found in our own country, but 
in the South of France there exist three or four species. Their 
habits have given rise to much discussion, having been described 
by various naturalists, among whom are included Eeaumur and 
Fabre. These Insects are called mason-liens, and construct nests of 
very solid masonry. 0 . muraria is in appearance somewhat inter- 
mediate between a honey-bee and a Bomhus ; it is densely hairy, 
and the sexes are very different in colour. It is solitary in its 
habits, and usually chooses a large stone as a solid basis for its 
habitation. On this a cell is formed, the material used being 
a kind of cement made by the Insect from the mixture of a 
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suitable sort of earth with the material secreted b 7 its own 
salivary glands ; the amount of cement used is reduced by the 
artifice of building small stones into the walls of the cell ; the 
stones are selected with great care. When a cell about an inch 
. y in depth has been formed in 

T \ j this manner, the bee commen&s 

m to fill it with food, consisting 

of honey and pollen; a little 
honey is brought and is disr 
charged into the cell, then some 
pollen is added. This bee, like 
f ^ other Dasygostres, carries the 

A pollen by means of hairs on 

^ the under surface of the body; 

\ flBft y place this pollen in the cell 

the Insect therefore enters back- 
wards, and then with the pair 
of hind legs brushes and scrapes 
the under surface of the body 
/ \ BO as to make the pollen fall off 

^ B ^ iuto the cell ; it then starts for 

Fiu. 19. — Chalicodoma mumria. Greece, a fresh cargo ; after a f&W loads 
A, Male ; B, female. placed in the recep- 

tacle, the Insect mixes the honey and pollen into a paste 
with the mandiblei^,^ and again continues its foraging until it 
has about half filled the cell; then an egg is laid, and the 
apartment is at once closed with cement. This work is all 
accomplished, if the weather be favourable, in about two days, 
after which the Insect commences the formation of a second 
cell, joined to the first, and so on till eight or nine of these 
receptacles have been consti*ucted ; then comes the final operation 
of adding an additional protection in the shape of a thick layer of 
mortar placed over the whole ; the construction, when thus com- 
pleted, forms a sort oi dome of cement about the size of half an 
orange. In this receptacle the larvae pass many months, exposed 
to the extreme heat of summer as well as to the cold of winter. 
The larvae, however, are exposed to numerous other perils ; andvwe 
have already related (vol. v. p. 540) how Zeucosj^is giga» succeed 
in perforating the masonry and depositing therein an egg, so that 
a Leucospis is reared in the cell instead of a Chalicodoma. 
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This Insect has l)een the object of some ofj. H. Fabre’s 
most instructive studies on instinct^ Although* it is impossible 
for us here to consider in a borough manner the various points 
he has discussed, yet some of them aie of such interest and im- 
portance as to demand something more than a passing allusion. 

• We have mentioned that the nest of Chalicndoma is roofed 
with a layer of solid cement in addition to the hrst covering 
with which the bee seals up ejich cell. When the metaraorphoses 
of the imprisoned larva have betm pissed through, and the moment 
for its emergence as a perftxst Insect lias arrived, tiie prisoner has 
to make its way through the solid wall by which it is encom- 
passed. Usually it finds no difliculty in accomplishing tlie task 
of breaking through the roof, so that the powers of its mandibles 
must be very great. Ileaumur has, however, recorded that a nest 
of this mason-bee was placed under a glass funnel, the orifice of 
which was covered with gauze, and that the. Tnsec^ts when they 
emerged from the neat were unable to make their way througli 
the gauze, and consequently perished under the glass cover ; and 
he concluded that such insects are only able to accomplish the 
. tasks that naturally fall to their lot. By some fresh expi^riments 
Fabre, however, has put the facts in a different light. He 
remarks that when tlie Insects have, in the ordinary course of 
emergence, perforated the walls of their dark prison, tliey find 
themselves in the daylight, and at liberty to walk away ; when 
they have made their escape from a nest placed under a glass 
cover, they, having no knowledge of glass, find themselves in 
daylight and imprisoned by the glass, which, to their inexperience, 
does not appear to be an obstacle, and they therefore, he thought, 
might perhaps exhaust themselves in vain efforts to pass through 
this invisible obstacle. He therefore took some cocoons contain- 
ing pupae from a nest, placed each one of them in a tube of reed, 
and stopped the ends of the reeds with various suljstances, in 
one ^ case earth, in aifother pith, in a third brown paper; the 
reeds were then so arranged that the Insects in them were in a 
natural position ; in due course all the Insects emerged, none of 
them apparently having found the novel nature of the obstacdo a 
serious impediment Some complete nests were then taken with 
their inmates, and to the exterior of one of them a sheet of 
opaque paper was closely fastened, while to another the same 
Souvenirs fntomolofjiigues. 4 vols. I’arlB, 1879 to 1891. 
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sort of paper was applied in the fonu of a dome, leaving thus a 
considerable space between the true cover of the nest and the 
covering of paper. From the first nest the Insects made their 
escape in the usual manner, thus again proving that paper can 
be easily pierced by them. From the second nest they also 
liberated themselves, but failed to make their way out through 
the dome of paper, and perished beneath it ; thus showing that 
paper added to the natural wall caused them no difficulty, but 
that paper separated therefrom by a space was an insuperable 
obstacle. Professor Perez has pointed out that this is no doubt 
due to the large space offered to the bee, which consequently 
moves about, and does not concentrate its efforts on a single 
spot, as it of course is compelled to do when confined in its 
natural cell. 

The power of the mason-bee to find its nest again when 
removed to a distance from it is another point that was tested 
by Du Hamel and recounted by E(5aumur. As regards this 
Fabre has also made some very valuable observations. He marked 
some specimens of the bee, and under cover removed them to 
a distiince of four kilometres, and then liberated them; the 
result proved that the bees easily found their way back again, 
and indeed were so little discomposed by the removal that they 
reached their nests laden with pollen as if they had merely been 
out on an ordinary journey. On one of these occasions he 
observed that a Chalicodoma, on returiiing, found that another 
bee had during her absence taken possession of her partially 
completed cell, and was unwilling to relinquish it ; whereupon 
a battle between tlie two took place. The account of this is 
specially interesting, because it would appear tliat the two com- 
batants did not seek to injure one another, but were merely 
engaged in testing, as it were, which was the more serious in its 
claims to the proprietorship of the cell in dispute. The matter 
ended by the original constructor regaining and retaining posses- 
sion. Fabre says that in the case of Ohalieodoma it is quite a 
common thing for an uncompleted cell to be thus appropriated 
by a stranger during the absence of the rightful owner, and that 
after a scene of the kind described above, the latter of the two 
claimants always regains possession, thus leading one to suppose 
that some sense of rightful ownership exists in these bees ; the 
usurper expressing, as it were, by its actions the idea — Before I 
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resign my claims I must require you to go through the exertions 
that will prove you to be raally the lawful owner. 

Another experiment was made with forty specimens of Chali- 
codoma jiyrenaica^ which were removed to a distance of four 
kilometres and then liberated. About twenty of the individuals 
Tiad been somewhat injured by the processes of capturing, inurk- 
iiig, and transferring, and proved unable to make a proper start. 
The others went off well when released, and in forty minutes the 
arrivals at the nest had already commenced. The next morning 
he was able to ascertain that fifteen ut least had found their way 
bick, and that it was probable that most of the uninjui'ed bees 
had I'eached home ; and this although, as Fabrc believed, they 
had never before seen the Hi^ot where he liberated them. 

These observations on the power of Chrdivodomii to regain 
its nest attractcxl the attention of Charles Darwin, who wrote to 
M. Fahre, and suggested that further obsi^rvations should be 
^ made with the view of ascertaining by means of what sense these 
bees were able to accomplish their I'cturn. For it must be borne 
in mind that this bee is very different from the domestic. bc*.e, 
inasmuch as it enjoys but a brief life in the winged state, and it 
is therefoit) to be presumed that an individual has no knowledge 
of such comparatively distant localities as those to which Falm^ 
transported it. Further observations made by the Frenchman 
have unfortunately failed to throw any liglit on this point. 
Darwin thought it might possibly 1)e some sensitiveness to 
magnetic conditions that enabled the bees to return home, 
and suggested that they should Ijc testcnl as to this. Fabi'e 
accordingly made some minute magnets, and fixed one to each 
boQ previous to letting them loose for a return journey. This 
had the eficct of complete!} deranging the liees ; and it was there- 
fore at first thought that the requisite clue was obtained. It 
occurred to the experimenter, however, to try the plan of affixing 
small pieces of straw to the bees instead of magnets, and on this 
being done it was found that the little creatures were just as 
much deranged by the straws as they were by the magnets : thus 
it became evident that no good grounds exist for considering 
that the bees are guided by magnetic influences. 

One of the species ^ of Chalicodoma observed by Fabre fixes 

1 Tlie “ Chalicodimie dea galeta" or C. **dea rnuraillea** of tlio French writer ; in 
sorao places he siNsaks of the species as being C. muraria, in others as C, parietina. 
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its nests to the small boulders brought down and left by the 
Rhone on the waste places of its banka This habit afforded 
Fabre an opportunity of removing the nests during the process 
of construction, and of observing the effect this produced on the 
architects. While a bee that had a nest partially constructed 
was absent, he removed the stone and the nest attached to itfron^ 
one situation to another near at hand and visible from the 
original site. In a few minutes the bee returned and went 
straight to the spot where the nest had l^n ; finding its home - 
absent it hovered for a little while around the place, and tlien 
alighted on the vacated position, and walked about thereon in 
search of the nest ; being after some time convinced that this 
was no longer there, it took wing, but sj^eedily riitumed again to 
the place and went through the same operations. Tliis series of 
manoeuvres was several times repeated, the return always being 
made to the exact spot where the nest liad bee^ originally located ; 
and although the bee in tlie course of its journeys would pass^ 
over the nest at a distance of perhaps only a few inches, it did 
not recognise tlie object it was in scai^ch of. If the nest 
were placed very near to the spot it had been removed from — 
say at a distance of about a yard — ^it might happen tliat the Ijee 
would actually come to the stone to which tlie nest was fixed, 
would visit the nest, would even enter into the cell it had left 
partially completed, would examine ciivumspectly the boulder, 
but would always leave it, and again return to the spot where 
the nest was originally situated, and, on finding that the nest 
was not there, would take its departure altogether from the 
locality. The home must be, for the bee, in the proper situation, 
or it is not recognised as the desired object. Thus we are con- 
fronted with the strange fact that the very bee that is able to 
return to its nest from a distance of four kilometres can up 
longer recognise it when removed only a yard from the original 
position. This extraordinary condition of the memory of the 
Insect is almost inconceivable by us. That the bee should 
accurately recognise the spot, but that it should not recognise 
the cell it had itself just formed and half-filled with honey-paste, 
seems to us almost incredible ; nevertheless, the fact is quite con- 
sistent with what we shall subsequently relate in the case of the 
solitary wasp Bemhex. A cross experiment was made by taking 
away the stone with the attached nest of the bee while the latter 
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was absent, and putting in its place the nest of another indi- 
vidual in about the same stage of construction ; this nest was 
at once adopted by the which indeed was apparently in no 
way deranged by the fact that the edifice Was the work of anotlier. 
A further experiment was made by transposing the positions of 
Iwo nests that wore very near together, so tliat eacli bee when 
returning might be supposed to have a free clioice.as to which 
nest it would go to. Unhesitatingly each bee selected the nest 
tliat, thougli not its own, Wfis in the position where its own had 
been. This series of experiments seems to prove that the Chithi- 
donna has very little sense as to what is its own property, but, on 
the other Iiarid, has a most keen appreciation of hicality. As, 
however, it might be supposed that the bees were deceive*! by the 
similarity between the substituted nests, Fabre transposed two 
nests that were extremely different, one consisting of many cells, 
the other of a single incomplete cell ; it was, of ei)urse, a lux^essary 
condition of this experiment that each of the two nests, however 
different in other re.spccts, should possess one cell each in similar 
stages of construction; and when that was the case each bee 
cheerfully adopted the nest that, though very different to its 
own, was in the right place. This transposition of nests can Ih) 
rapidly repeated, and thus the same 1)ec may be made to go on 
working at two different nests. 

Suppose, however, that another sort of change he made. Let 
a nest, consisting of a cell that is in an early stage of construc- 
tion, be taken away, and let there \)e substituted for it a cell 
built and partially stored with frjod. It might be supposed that 
the bee would gladly welcome this change, for the adoption of 
the substituted cell would save it a great deal of work. Not so, 
however ; the bee in such a cas**, will take U) the substituted cell, 
but will go on building at it although it is ali'eady of the full 
height, and will continue laiilding at it until tlie cell is made as 
much as a third more than the regulation height. In fact the 
bee, being in the building stage of its operations, goes on build- 
ing, although in so doing it is carrying on a useless, if not an 
injurious, work. A similar state ensues when the Insect ceases 
to build and begins to bring provisions to the nest ; although a 
substituted cell may contain a sufficient store of food, the bee goes 
on adding to this, though it is wasting its labours in so doing. 
It should be noted that though the bee must go through the 
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appropriate stages of its labours whether the result of so doing 
be beneficial or injurious, yet it is nevertheless to some extent 
controlled by the circumstances, for it does not in such cases 
complete what should have been the full measure of its own 
individual work ; it does not, for instance, raise the cell to twice 
the natural height, but stops building when the cell is about 
one-third larger than usual, as if at that stage the absurdity of 
the situation became manifest to it. 

Fabre’s exiHsriments with the Chalicodoma are so extremely 
instructive as^. regards the nature of instinct in some of tlie 
highest Insects, tiiat we must briefly allude to some other of his 
observations even at the risk of wearying the reader who feels 
but little interest in the subject of Insect intelligence. 

Having discovered that a mason-bee that was engaged in the 
process of construction would go on building to an useless or 
even injurious extent, Fabre tried another experiment to ascer- 
tain whether a bee that was engaged in the process of provision-^ 
ing the nest, would do so in conditions that rendered its work 
futile. Taking away a nest with completely built cell that a hec 
was storing with food, he substituted for it one in which the cell 
was only commenced, and therefoi*e incapable of containing food ; 
when the bee with its store of provisions reached this should-lx) 
receptacle it appeared to be very perplexed, tested the im- 
perfect cell with its antennae, left the spot and returned again ; 
repeating this several times it finally went to the cell of 
some stranger to deposit its ti'casure. In other cases the bee 
broke open a completed cell, and having done so went on bringing 
provisions to it, although it was already fully provisioned and an 
egg laid therein : finally, the little creature having completed 
the bringing of this superfluous tale of provisions, deposited 
a second egg, and again sealed up the cell. But in no case 
does the bee go back from the provisioning stage to the build- 
ing stage until the cycle for one cell of building, provisioning, 
and egg-laying is completed: but when this is the case, the 
building of a fiesh cell may be again undertaken. This is a 
good example of the kind of consecutive necessity that seems 
to be one of the chief features of the. instinct of these industrious 
little animals. Another equally striking illustration of these 
peculiarities of instinct is offered by interfering with the act of 
putting the provisions into the cell. It will be recollected that 
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when the bee brings provisions to add to the stock, it carries 
both honey and pollen ; in order to deliver these it begins by 
entering head first into tlie cell and disgorging the honey, then 
emerging it turns round, enters backwards and st'rajxss off the 
pollen from its body. If after the honey has Injen discharged, 
• the bee be interfered with and gently removed to a sliglit dis- 
tance with a straw, it I'eturns to complete its task, but instead of 
going on with the actions at the x>oint at wliicli the inteiTux)tion 
took place, it liegins the series over again, going in — at any rate 
partially — head first, although it has no honey to discharge, and 
having performed this useless ceremony it then emerges, turns 
round and adds the pollen. This illustration is in some respects 
the reveme of what might have l)ecn e.xt)Cct(Ml, for the Insi^ct 
here does not continue the act at the inteiT\4>ted x)oint, but begins 
the series of actions afresh. 

It would be reasonable to siq^x^ose that an Insect that takes 
the pains to provide for the safety of its jirogmiy by constructing 
a complex edifice of cement, secures thereby the advantage of 
protection for its young. But this is far from b(»ing the case. 
Notwithstanding the cement and the tliick dome of mortar, the 
Chalicodoma is extremely subject to the attacks of parasites. 
The work performed by the creature in constructing its mass of 
masonry is truly astounding; Fabre calculated from measure- 
ments he made that for the construction and provisioning of a 
single cell, the goings and comings of the bee amounted tr) 15 
kilometres, and it makes for each nest sometimes as many as 
fifteen cells. Notwithstanding all this labour, it would appcnir 
that no real safety for the larvae is o1>taincd by the work. Some 
" sixteen — possibly more — other .s^Kscies of Insects get their living 
off this industrious ci'eature. Another Ijec, Stdis mimta, breaks 
open the cells after they have been completely closed and jilaces 
its own eggs an them, and then again closes tlie cells with 
mortar. The larvae of this Stdi^ develop more rapidly than do 
those of the Ghalicodoraa, so that the result of this shameless 
proceeding is that the young one of the legitimate proprietor — 
as we human beings think it — is starved to death, or is possibly 
eaten up as a dessert by the Stelis larvae, after they have 
appropriated all the pudding. 

Another bee, Dioxys cincta, is even more audacious ; it flies 
about in a careless manner among the Chalicodoma at their 
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work, and they do not seem to object to its presence unless it 
interferes with them in too unmannerly a fashion, when they 
brush it aside. The Dioocys, when the proprietor leaves the cell, 
will eilter it and taste the contents ; after having taken a few 
mouthfuls the impudent creature then deposits an egg in the 
cell, and, it is pretty certain, places it at or near the bottom of 
the mass of pollen, so that it is not conspicuously evident to the* 
Chalieodovia when the bee again returns to add to or complete 
the stock of provisions. Afterwards the constructor deposits its 
own egg in the cell and closes it. The final result is much the 
same as in tlie case of the Stelis, that is to say, the Chalicodoma 
lias provided food for an usurper ; but it appears probable that 
the consummation is I'eached in a somewhat different manner, 
namely, by the Dioxys larva eating the egg of the Chidi- 
codormi, instead of slaughtering the larva. Two of the Hymenop- 
tera Parasitica are very destructive to the Chalicodoma, viz. 
Lemospis giyas and Momylontomerm nitidus ; the habits of which 
we have already discussed (vol. v. p. 543) under Chalcididae. 
Lamport has given a list of the Insects attacking the mason-bee 
or found in its nests; altogether it would appear that about 
sixteen species have been recognised, most of which destroy the 
bee larva, though some possibly destroy the bee’s destroyers, and 
two or three perhaps merely devour dead examples of the bee, or 
take the food from cells, the inhabitants of which have been 
destroyed by some imtoward event. This author thinks that 
one half of the bee^’ progeny are made away with by these 
destroyers, while Fabre places the destruction in the South of 
France at a still higher ratio, telling us that in one nest of nine 
cells, the inhabitants of three were destroyed by the Dipterous ♦ 
Insect, Anthrax trifaseiata, of two by Lencodpin, of two by Stelis, and 
of one by the smaller Ghalcid ; there being thus only a single 
example, of the bee that had not succumbed to one or other of 
the enemies. He has sometimes examined a large number o^ 
nests without finding a single one that had not been attacked by 
one or other of the parasites, and more often than not several of 
the marauders had attacked the nest. 

It is said by Lampert and others that there is a passage in^ 
Pliny relating to one of the mason-bees, that the Boman author 
had noticed in the act of carrying off stones to build into its 
nest ; being unacquainted with the special habits of the bee, he 
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seems to have supposed that the insect was canying the stone 
as baUast to keep itself from being blowh away 

The bees of the genus Anthidium are known to possess tlie 
habit of making nests of wool or cotton, timt they obtain from 
plants growing at hand. We 
* Ijave one species of this genus 
of bees in Britain ; it some- 
times may be seen at work in 
the grounds of our Museum 
at Cambridge: it is referred 
to by Gilbert White, wlio 
says of it, in his History 
of Selborne : “ Tliere is a sort 
of wild bee frequenting the 
garden-campion for the sake 
of its tomentum, which prob- 
ably it turns to some purpo.se 
in the business of nidification. 

It is very pleasant to see with 
what address it strips off the 
pubes, running from the top 
to the bottom of a branch, 
and shaving it bare with the 
dexterity of a lioop- shaver. 

When it has got a bundle, Fim. 20.— Anthidium mnnwilvw, CarUvr- 
almost as large as itself, it flies ^ ^ feinuit*. 

away, holding it secure between its chin and its fore legs.*' 
The species of this genus are remarkable as forming a con- 
spicuous exception to the rule that in bees the female is 
larger than the male. The speciciis of Anthidium do not form 
burrows for themselves, but either take advantage of suitable 
.cavities formed by other Insects in wood, or take jiossession of 
deserted nests of other bees or even empty snail-shills. The 
workers in cotton, of which our British species A. manicatum is 
one, line the selected receptacle with a beautiful network of 
cotton or wool, and inside this place a finer layer of the material, 
to which is added some sort of cement that prevents the honied 
mass stored by the bees in this rcfceptacle from passing but of it. 
A diadema, one of the species that form nests in hollow stems, 
has been specially observed by Fabre ; it will take the cotton for 
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its work from any suitable plant growing near its nest, and does not 
confine itself to any particular natural order of plants, pr even to 
those that are indigenous to the South of France. When it has 
brought a ball of cotton to the nest, the l^ee spreads out and 
arranges the material with its front legs and mandibles, and 
presses it down with its foi‘ehead on to the cotton previously 
deposited ; in this way a tube of cotton is constructed inside the 
reed ; when withdrawn, the tube proved to be composed of about 
ten distinct cells arranged in linear fashion, and connected firmly 
together by means of tlie outer layer of cotton ; the transverse 
divisions betWben the chambers are also formed of cotton, and 
each chamber is stored with a mixture of lioney and pollen. 
The series of chambers does not extend quite to the end- of the 
reed, and in the unoccupied space the Insect accumulates small 
stones, little pieces of earth, fragments of wood or otlier similar 
small objects, so as to form a sort of barricade in the vestibule, 
and then closes the tube by a barrier of coarser cotton taken 
frequently from some other plant, the mullein by preference. 
This barricade would appear to bo an ingenious attempt to keep 
out parasites, but if so, it is a failure, at any rate as against 
Leucospis, which insinuates its eggs through the sides, and 
frequently destroys to the last one the inhabitants of the 
fortress. Fabre states that these Anthidium, as well as Megachile^ 
will continue to constnict cells when they have no eggs to place 
in them ; in such a case it would appear from his remarks that 
the cells arc made in due form and the extremity of the reed 
closed, but no provisions are stored in the chambers. 

The larva of the Anthidium forms a most singular cocoon. 
We have already noticed the difliculty that arises, in the case 
of these Hymenopterous larvae shut up in small chambers, as 
to the dispostil of the matters resulting from the incomplete 
assimilation of the aliment ingested. To allow the once-used 
food to mingle with that still remaining unconsumed would be 
not only disagreeable but possibly fatal to the life of the larva. 
Hence some species retain the whole of the excrement until 
the food is entirely consumed, it being, according to Adlerz, stored 
in a special pouch at the end of the stomach ; other Hymen- 
optera, amongst which we may mention the species of Osmia, 
place the excreta in a vacant space. The Anthidium adopts, 
however, a most remarkable system: about the middle of its 
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larval life it commences the expulsion of “ frass ” in the shape of 
small pellets^ whicli it fastens together with silk, as they are 
voided, and suspends round the walls of the chamber. This 
curious arrangement not only results in keeping the embarrassing 
material from contact with the food and with the Invva itself, 
but serves, when the growth of the latter is accomplished, as the 
outline or foundations of the cocoon in which the metamorphosis 
is completed. This cocoon is of a very elaborate character; it 
haSj so says Fabre, a beautiful appearance, and is provided with 
a very peculiar structure in the form of a small conical j>ro- 
tuberancc at one extremity pierced by a ciinal. This canal is 
formed with greiit care by the larva, which from time to time* 
places its head in tlie orifice in process of construction, and 
stretches the calibre by opening the maiidildes. The object of 
this peculiarity in the fabrication of the elal)orate cocoon is not 
clear, but Fabre inclines to the opinion that it is for res])iratory 
purposes. 

• Other species of this genus ust* rtisin in place of cotton as their 
working material. Among thcseare-4?i^Aw/iw?/i septemdentatnm aiid 
A. bellicosum. The former species chooses an old snail-shell as its 
nidus, and constructs in it near the top a barrier of resin, so as to 
shut off the part wliere the whorl is ten) small ; then lx;n(.^ath the ^ 
shelter of this birrier it accumulates a store of honey-pollen,#de- 
posits an egg, and comj)letes the cell by another transvei’se barrier of 
resin ; two such cells are usually constructed in one snail-slicll, and 
below them is placed a barricade of small miscelhineous articles, 
similar to what we have described in speaking of the cotton- 
working species of the genus. This bee completes its metamor- 
phosis, and is ready to leave the cell in early spring. Its con- 
gener, A. bellicosum, has tlie same habits, with the exception 
that it works later in the year, and is thus cxi)osed to a great 
danger, that very frequently proves fatal to it. I'his l.)ee does 
not completely occupy the snail-shell with its cells, but leaves 
the lower and larger portion of the shell vacant. Now, there is 
another bee, a species of Osmia, that is also fond of snail-shells 
as a nesting-place, and that affects the same localities as the 
A. aeptemdentatum ; very often the Osy/iia selects for its nest 
the vacant part of a shell, the other part of which is occupied by 
the Anthidium ; the result of this is that when the metamorphoses 
are completed, the latter bee is unable to effect its escape, and 
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thus perishes iu the cell. Fabre further states with regard to 
these interesting bees, that no structural differences of the feet 
or inaudibles can be detected between the workers in cotton and 
the workers in resin ; and he also says that in the case where 
two cells are constructed in one snail-shell, a male individual is 
produced from the cell of the greater capacity, and a female from 
the other. 

Osmia is one of the most imj)ortant of the genera of bees 
found in Europe, and is remarkable for the diversity of instinct 
displayed in the formation of the nests of the various species. 
As a rule they avail themselves for nidification of hollow 
places already existing; choosing excavations in wood, in the 

mortar of walls, and even in 
sandbanks ; in several cases 
the same species is found to 
be able to adapt itself to 
more than one kind of these 
very different substances. This ^ 
variety of habit will render 
it impossible for us to do 
justice to this interesting 
genus within the space at 
Fio. 21 . — Osmia tricomis, 9* Algeria. dispoStll, and we lliust 

content ourselves with a con- 
sideration of one or two of the more instructive of the traits 
of Osmia life. 0. tridentata forms its nest in the stems of 
brambles, of which it .excavates the pith ; its mode of working 
and some other details of its life have been well depicted by 
Fabre. The Insect having selected a suitable bramble-stalk with 
a cut extremity, forms a cylindrical burrow iu the pith thereof, 
extending the tunnel as far as will be required to allow ^le 
construction of ten or more cells placed one after the other in 
the axis of the cylinder^; the bee does not at iirst clear but quite 
.all the pith, but merely forms a tunnel through it, and then 
commences the construction of the first cell, which is placed at 
the end of the tunnel that is most remote from the entrance. 
This cavity is to be of oval form, and the Insect therefore cuts i 
away more of the pith so as to make an oval space, but somewhat. 

* tnmeate, as it were, at each end, the plane of truncation at the 
proximal extremity being of coiu*se an orifice. The first cell 




1 


DASYG ASTR ES — OSAf/A 


49 


•thus made is stored with pollen and honey, and an egg is 
deposited. Then a barrier has to be constructed to close this 
chamber ; the material used for tlie barrier is the pitii of the 
stem, and the Insect cuts the material required for the purpose 
from the walls of the second chaml)cr; the excavation of the 
sCksond chamber is, in fact, made to furnish the material for clos- 

i iig up the first cell. In this way a chain of cells is constructiMl, 
iheir number being sometimes as many as fifteen. The mode 
in which the bees, when the transformations of the larvae and 
pupae have been completed, escape from the chain of cells, has 
been the subject of miicli discussion, and errors have arisen from 
inference being allowed to take the placo of obsi^rvatioii. Thus 
Dufour, who noted tliis same mode of construction and arrange- 
ment in another Hynieuopteron (Odynerus nidulator), perceived 
that there was only one orifice of exit, and also that the Insc^ct 
that was placed at the grc^iU^st distance from this was the 
one that, Ixsiiig the oldest of the series, miglit be expected to 
f)e the first I'eady to emerge ; and as the other C(.)Coons would 
necessarily l3e in the way of its getting out, ho concluded that 
the egg that was last laid produced the first Insect ready for 
emergence. Fabre tested this by some ingenious experiments, 
and found that this was not the case, but that tlie Insects bc^caine 
ready to leave their phice of imprisonment without any refcreuco 
to the Older in which the eggs were laid, and he further noticed 
some very curious facts with reference to the mode of emiirgence 
of Oamia tridentata. Each Insect, when it desires to leave the 
bramble stem, tears open the cocoon in which it is enclosed, and also 
bites through the barrier placed by the mother between it and 
the Insect that is next it, and that se]>uratcs it from the orifice 
of exit. Of course, if it happen to be tiie outside one of the 
series it can then escape at once ; but if it should Im'. one farther 
dowh in the Indian file it will not touch the cocoon beyond, but 
waits patiently, possibly for days ; if it then still find itself con- 
fined it endeavours to csca|)e by squeezing jmst the cocoon that 
intervenes between it and liberty, and by biting away the material 
at the sides so as to enlarge the passage ; it ftiay succeed in doing 
this, and so get out, but if it fail to make a side passage it will 
not touch the cocoons that are in its way. In the ordinary 
course of events, supposing all to go well with the family, all 
the cocoons produce their inmates in a state for emergence within 
VOL. VI . a 
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a week or two, and so all get out Frequently, however, the> 
emergence is prevented by something having gone wrong with 
one of the outer Insects, in which case all beyond it perish unless 
they are strong enough to bite a hole through the sic[es o^ the 
bramble-stem. Thus it appears that whether a particular Osmia 
shall be able to emerge or not depends on two things— (1) whether 
all goes well with all the other Insects between it and the orifice, 
and (2) whether the Insect can bite a lateral hole or not; this 
latter point also largely depends on the thickness of the outer . 
part of tlie stem of the bramble. Fabre’s experiments on 
these points have been repeated, and liis results confirmed by 
, Nicolas. 

The fact that an Osmia would itself perish rather than attack 
the cocoon of its brother or sister is certainly very remarkable, 
and it induced Fabre to make some further experiments. He 
took some cocoons containing dead specimens of Oamta, and placed 
them in the road of an Osmia ready for exit, and found that in 
such case the bee made its way out by demolishing without any ^ 
scruple the cocoons and dead larvae that intervened between it ' 
and liberty. He then took some other reeds, and blocked the 
way of exit with cocoons containing living larvae, but of another 
species of Hymciioptera. Solenius vagus and Osmia detrita were 
the species experimented on in this case, and he found that the 
Osmia destroyed the cocoon and living larvae of the Solenius, 
and so made its way out. Thus it appears that Osmia will 
respect the life of its own species, and die rather than destroy it, 
but has no similar i-cspect for the life of another species. 

Some of Fabre’s most instructive chapters are devoted to the 
habits and instincts of various species of the genus Osmia, It 
is impossible here to find space even to summarise them, still 
more impossible to do them justice ; but we have selec^ted the 
history just recounted, because it is rare to find in the insect 
world instances of such self-sacrifice by an individual for one of 
the same generation. It would be quite improper to generalise 
from this case, however, and conclude that such respect for it^ 
own species is commlon even amongst the Osmia. Fabre, indeed^ 
relates a case that offers a sad contrast to the scene of self-, 
sacrifice and respect for the rights of others that we have r6ughly ' 
portrayed. He was able to induce a colony of Osmia trieomis ' 
(another species of the genus, be it noted) to establish itself add V 
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^work in a series of glass tubes that he placed on a table in his 
laboratory. Ho marked various individuals, so that he was able 
to recognise them and note the progress of their industrial works. 
Quite a large number of specimens thus established themselves 
and concluded their work before his very eyes. Some individuals, 
h(fwever, when they had completed the formation of a scries of 
cells in a glass tube or in a reed, had still not entirely completed 
their tale of work. It would be supposed that in such a cose 
the individual would commence the fonnation of another series 
of cells in an unoccupied tube. This was not, howeveri the case. 
The bee preferred tearing open one or more cells already completed 
— in some cases, even by itself — scattering the contimts, and (ie- 
vouring the egg ; then again piwisioning the cell, it would deposit 
a fn>Bh egg, and close the chaml)er. These brief remarks will 
perhaps suffice to give some idea of the variety of instinct and 
habit that prevails in this very interesting genus. Friese observes 
that the variety of habits in this genus is accompanied as a rule 
* b^ paucity of individuals of a 8t)ecies, so that in central Europe 
a collector must be preimred to give some twenty years or so of 
attention to tlie genus before he can consider ho has obtained all 
the species of Osmia that inliabit his district. 

As a prelude to the remarks w’e are about to make on the 
leaf-cutting bees of the genua Megachile it is well to state that 
the bee, the habits of which were descril^ed by Beaumur under 
the name of ** Tabeille tapisaiere,” and that uses portions of the 
leaves of the scarlet l3oppy to line its nest, is now assigned to 
the genus Osmia, although I^treille, in the inteiwal that has 
elapsed since the publication of Bt'^aumur’s work, founded the 
genus Anthoeopa for the bee in question. Megachile is one of 
the most important of the genera of the Dusygastres, being 
' found in most parts of the world, even in the Sandwich 
Islands ; it consists of bees averaging about the size of 
the honey-bee (though some are considerably larger, others 
smaller), and having the labnim largely developed ; this organ is 
oipable of complete inflection to the under side of the head, and 
- when in the condition of repose it is thus infolded, it underlaps 
and protects the larger part of the lower lip ; the mandibles 
cloM over the infolded labrum, so that, when the' Insect is at rest, 
; this appears to be altogether absent. These bees are called 
leaf-cutters, from their habit of forming the cells for their nest 
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out of piecses of the leaves of plants. We have several species in . 
Britain ; they are very like the common honey-hee in general 
appearance, though rather more robustly formed. These Insects, 
like the Osmiac, avail themselves of existing hollow places as 
receptacles in which to place their nests. M. albocimta frequently 
takes possession of a deserted worm-burrow in the ground. The 
burrow being longer than necessary the Ixjc commences by cutting 
off the more distant part by means of a barricade of foliage ; this 
being done, it proceeds to form a series of cells, each shaped like 
a thimble with a lid at the open end (Fig. 22, A). The body of 
tile thimble is formed of large oval pieces of letif, the lid of 
smaller round jiieces ; the fragments are cut with great skill from 
the leaves of growing plants by the Insect, which seems to have 
an idea of the form and size of the piece of foliage necessary for 
each particular stage of its work. 

Tlorne has given particulars as to the nest of Metjachile anthra^ 
cimi {fascuulat(i)y an East Indian species.' Th(‘. material employed 

was cither the leaves of the Indian' 
pulse or of the rose. TiOng pieces 
are cut by the Insect from the 
leaf, and with these a cell is formed ; 
a circular piece is next cut, and 
with this a lid is made for the 
receptacle. The cells are about 
the size and shape of a common 
thimble ; in one specimen that 
Horne examined no less than 
thirty-two pieces of leaf disposed 
in seven layers were used for one 
cell, in addition to three pieces for 
the round top. The cells are 
carefully prepared, and some kind 
of matter of a gummy nature is 

Fro. 22.-Nidiaeatiou ofTS^cutUng t® > ’^“'1 t® k®®? . “ 

bee, Megaehile antkradna. A, one place the pieces forming the in- 

The edh pUc«i 

part of astriiig of the cells. (After end to end, as showu in Fig. 22, B ; 

" . five to seven cells form a series, 

and four or six scries are believed to be constructed by one pair 
^ Trans. Zool. Soc. London, vii. 1870, p. 178. 

« ' ' * . . : dr. 
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of this bee, the mass being located in a hollow in masonry or 
some similar position. Each cell when completed is half filled 
with pollen in the usual manner, and an egg is then laid in it. 
This hee is much infested by parasites, and is eaten by the (Irey 
Hornbill (Meniceroa hicorntH). 

Megac/iile lanata is one of the llymenoptera that in East 
India enter houses to build their own habitations. According 
to Horne both sexes take part in the work of construction, and 
the spots chosen are fi*equently of a very othl natura The 
material used is some kind of clay, and tlie natural situation 
may be considered to be the interior of a liollow tulje, such as 
tlie stem of a bamboo ; but the biin*el of a gun, and tlie hollow 
in tlie back of a book that has lieen left lying open, have been 
occasibnally selected by the Insect as suitable. Smith states 
tliat the individuals developed in the lower part of a tubular 
series of tliis species were femal6s, " whicli sex takes longer to 
clevelop, and thus an exit is not required for tliem so soon as for 
the occupants of the upptjr cells which am males.” 2f. j^roxima, a 
species almost exactly similar in appearance to M'. lanaia, makes 
its cells of leaf-cuttings, however, and places them in soft soil. 

Fabix) states that If, (dhocincla, which commences the 
formation of its nest in a woriii-buiTow by means of a barricade, 
frequently makes the liarricade, but no nest ; somelinu^s it will 
indeed make the barricade more than twice the proper si/.e, and 
thus completely fill up the worm burrow. Fabre considers that 
these eccentric proceedings are due to individuals that have already 
formed proper nests elsewhere, and that after completing these 
have still some strength remaining, which they use up in this 
fruitless manner. 

The Social bees (Sociales) include, so far as is yet known, 
only a very small number of genera, and are so diverse, both in 
habits and structure, that the propriety of associating them in 
one group is more than doubtful ; the genera are Bomhus (Fig. 
331, vol. V.), with its commensal genus or section, Psitkyrus 
(Fig. 23); Mdipoim (Fig. 24), in which Triyomi and Tetragona 
may at present be included, and Apis (Fig. G) ; this latter genus • 
comprising the various honey-bees tliat are more or less com- 
pletely domesticated in different parts of the world. 

In the genus Boirdms the phenomena connected with the 
social life are more similar to what we find among wasps 
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than to what they are in the genus Apia. The societies come to 
an en,d at the close of the season, a few females live through the 
winter, and each of these starts a new colony in the following 
spring. Males, females and workers exist, but the latter are 
not distinguished by any good characters from the females, and 
are, in fact, nothing but more or less imperfect forms thereof ; 
whereas in Apia ttie workers are distinguished by structural 
characters not found in either of the true sexes. ^ 

. Hoffer has given a description of the commencement of a 
society of Bomhvs lapidaHua} A large female, at the end of May, 
collected together a small mass of moss, then made an expedition 
and returned laden with pollen ; under cover of the moss a cell 
was formed of wax taken from the hind>body and mixed with 
the pollen the bee had brought in 7 this cell was fastened to a 
piece of wood ; when completed it formed a subspherical recepr 
tacle, the outer wall of which consisted of wax, and whose interior 
was lined with honey-saturated pollen ; then several eggs were , 
laid in this receptacle, and it was entirely closed. Hofter took 
the completed cell away to use it for museum purposes, and the 
following day the poor bee that had formed it died. From 
observations made on Bombua agvorum he was able to describe • 
the subsequent operations ; these are somewhat as follows : — The 
first cell being constructed, stored, and closed, the industrious 
architect, clinging to the cell, takes a few days’ rest, and after 
this interval commences the formation of a second cell ; this is 
; placed by the Side of the first, to which it is connected by a 
mixture of wax and pollen ; the second cell being completed a 
third may be formed ; but the labours of the constructor about 
this time are augmented by the hatching of the eggs deposited 
a^few days previously ; for the young larvae, having soon disposed 
of the small quantity of food in the interior of the waxen cell, 
require feeding. This operation is carried on by forming a small 
opening in the upper part of the cell, through which the b^ 
conveys food to the interior by .ejecting it from her mouth ^ 
through the hole; whether the food is conveyed directly to 
« the mouths of the larvae or not, Hoffer was unable to observe!^ 
it being much more difficult to approach this royal founder 
without disturbing her than 4t is the worker-bees that carry on 
similar occupations at a subsequent period in the history of the - 

^ Mt. Fer. SUUrmarkt xxxi. 1882, p. 69. 
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: society. The larvae in the first cell, as they increase in size, 
apparently distend the cell in an irregular manner, so that it 
becomes a knobbed and rugged, truffle-like mass. Tlie same 
thing happens with tlie other cells fonned by the queen. Eacli 
of these larval masses contains, it should be noticed, sister-larvae 
&11 of one age ; when full grown they pupate in the mass, and 
it is worthy of remark that although all the eggs in one laKal 
mass were laid at the same time, yet the larvae do not all pupate 
simultaneously, neither do all the perfect Insects apj)ear at 
.once, even if all are of one sex. The pupation takes place 
in a cocoon that each larva forms for itself of excessively 
fine silk. The first broods hatched arc formed tfhiefly, if not 
entirely, of workers, but small females may be pnwlucod before 
the end of the season. Huber and Schmiedeknccht state that 
though the queen provides the worker-cells with food before the 
eggs are placed therein, yet no food is put in the cells in which 
males and females are produced. The queen, at the time of 
^pupation of the larvae, scrajK^s away the wax by which the 
cocoons are covered, thus facilitating the escape of the per- 
fect Insect, and, it may also be, aiding the iiccess of air to the 
pupa. The colony at first grows very slowly, as the queen can, 
unaided, feed only a small number of larvae. But after she 
receives the assistance of the first batch of workers much more 
rapid progress is made, the queen greatly restricting her labours, 
and occupying herself with the laying of eg[^; a process that 
now proceeds more and more rapidly, the queen in some cases 
scarcely ever leaving the nest, and in others even becoming 
incapable of flight. The females produced during the inter- 
mediate period of the colony are smaller than the mother, but 
supplement her in the process of egg - laying, as also do the 
workers to a greater or less extent. The conditions that deter- 
mine the egg-laying powers of these small females and workem 
are apparently unknown, but it is ascertained that these ]}owera 
vary greatly in different cases, so that if the true queen die the 
continuation of the colony is sometimes effectively carried on by 
. these her, former subordinates. In other cases, however, the . 
revem happens, and none of the inhabitants may be caimble of 
producing ^gs: in this event two conditions may be present.; 
either lafvae may exist in the nest, or they may be absent. In 
the former case the workers provide them with food, and the 
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colony inay tlius still be continued; but in the latter case, 
there being no profitable occupation for the bees to follow, 
they spend the greater part of the time sitting at home in the 
nest. 

Supposing all to go well with the colony it increases very 
greatly, but its prosperity is checked in the autumn ; at this 
period lar^ numbers of males are . produced as well as new 
queens, and thereafter the colony comes to an end, only a few 
fertilised females surviving the winter, each one to commence for 
herself a new colony in the ensuing spring. 

The interior of the nest of a bumble-bee {Bomhua) frequently 
presents a very irregular appearance ; this is largely owing to the 
fact tliat these liees do not use the cells as cradles twice, hut form 
others as they may be required, on the old remains. The cells, 
moreover, arc of different sizes, those that produce workers being 
the smallest, those that cradle females being the largest, while 
those in which males are reared are intermediate in size. 
Although tiie old cells are not used a second time for rearing 
brood tliey ai^ nevertheless frequently adapted to the purposes 
of receptacles for pollen and for honey, and for these objects they 
may be increased in size and altered in form. 

It may be gathered from various records that the period 
required to complete the development of the individual Bomhus 
about midsummer is four weeks from the deposition of the egg 
to the emergence of the perfect Insect, but exact details and 
information as to whether this period varies with the sex of the 
Insect developed are not to be found. The records do not 
afford any reason for supposing that such distinction will be 
found to exist : the size of the cells appears the only correlation, 
suggested by the facts yet known, between the sex of the in- 
dividual and the circumstances of development. 

The colonies of Bombus vary greatly in prosperity, if we take 
as the test of this the number of individuals produced in a 
colony. They never, however, attain anything at all approach- 
ing to the vast number of individuals that compose a large colony 
of wasps, or that exist in the crowded societies of the more 
perfectly social bees. A populous colony of a subterranean 
Bombus may attain the number of 300 or 400 individuals. 
•Those that dwell on the surface are as a rule much less populous, 
as they are less protected, so that changes of weather are more 
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prejudicial to them. According to Smith, the average mmiber 
of a colony of B, muscorum in the autumn in tliis country is 
about 120 — viz. 25 females, 36 mules, 60 workers. No mode 
of increasing the nests in a systematic manner exists in this 
genus ; they do not place tlie cells in stories as the wasps do ; 
and this is the case notwithsttinding the fact tliat a cell is not 
twice used for the rearing of young. Wlien tlie ground-space 
available for cell-building is filled the Bomkm begins another 
series of cells on the ruins of the first one. From this reason 
old nests have a very irregular api)earanet‘, and this condition of 
seeming disorder is greatly increjised l)y the very diffenmt sizes 
of the cells themselves. We have almidy alluded to some of 
these cells, more particularly to those of difiei'ent capacities to 
suit the sexes of the individuals to be neared in them. In 
addition to these there are honey -tubs, pollen -tubs, and 
the cells of the Psithyrns (Fig. 23), the parasitic Init friendly 
inmates of the Bomhus-wQ^i^, A nest of Bomhus, exhibiting 
the various pots x>^ 9 ]<^ting from tiie remains of empty and 
partially destroyed cells, presemts, as may wtdl be imagined, a very 
curious appearance. Some of the old cells apparently aio i)artly 
destroyed for the sake of the material they are composed of. 
Others are fonned into honey-tubs, of a make-shift nature. It 
must be recollected that, jis a colony increases, stores of pro- 
visions become absolutely necessary, otheiwise in bad weather 
the larvae could not be fed In good weather, and when flowers 
abound, these l)ees collect and store honey in abundance; in 
addition to placing it in the empty pupa-cells, they also form 
for it special receptacles ; these are delicate cells made entirely 
of wax filled with honey, and are always left open for the benefit 
of the community. The existence of these honey - tubs . in 
bumble-bees’ nests has become known to our country urchins, 
whose love for honey and for the sj^rt of bee-baiting leads to 
wholesale destruction of the nests. According to Hofier, special 
tubs for the storing of pollen are sometimes formed ; these are 
much taller than the other cells. The Psithyrus that live in the 
nests with the Bomhus are generally somewhat larger than the 
latter, and consequently their cells may be distinguished in the 
nests by their larger siza A bumble-tees’ nest, composed of all 
these heterogenous chambers rising out of the ruins of former 
layers of cells, presents a scene of such apparent disorder that 
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many, have declared that the bumble-bees do not know how to 
build. 

Although the species of Bomhus are not comparable Mth the ^ 
hive-bee in respect of the perfection and intelligent nature of 
their work, yet they avQ very industrious Insects, and the con- 
struction of the dwelling-places of the subterranean species is 
said to be carried out in some cases with considerable skill, a 
dome of wax being formed as a sort of roof over the- brood cells. 
Some work even at night. Fea has recorded the capture of a 
species in Upper Tlunnah working by moonlight, and the same 
industry may be observed in this country if there be sufficient 
heat as well as light. Godart, about 200 years ago, stated that 
a trumpeter-bee is kept in some nests to rouse the denizens to 
work in tlie morning: this has been treated as a fable by 
subsequent writers, but is confirmed in a circumstantial manner 
by Hoffer, who observed the performance in a nest of B. ryderatus 
in bis Laboratory. On the trumpeter being taken away its office 
was the following morning filled by another individual. The 
trumpeting was done as early as three or four o’clock in the 
morning, and it is by no means impossible that the earliness of 
the hour may have had something to do with the fact that for 
200 years no one confirmed the old naturalist’s observation. 

One of the most curious facts in connection with Bomius is 
the excessive variation that many of the species display in the 
colour of the beautiful hair with which they are so abundantly 
provided. There is not only usually a difference between the 
sexes iji this respect, but also extreme variation within the 
limits of the same sex, more especially in the case of the males' 
and workers ; there is also an astonishing difference in the size 
of individuals. These variations are carried to such an extent 
that it is almost impossible to discriminate all the varieties of a 
species by inspection of the superficial characters. The struc- 
tures peculiar to the male, as well as the sting of the female> 
enable the species to be determined with tolerable certainty. 
Cholodkovsky,^ on whose authority this sta^meiit as to the sting 
is made, has not examined it in the workers, so that we do not 
know whether it is as invariable in them as he states it to be 
in queens of the same species. According to Handlirsch * each 

^ ZooL Anz, vii. 1884, p. 312. 

^ SB. Ges. Wien. zzxTiii. 1888, p. 34. 
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. species of Bombm has the capacity of variation, and many of the 
Varieties are found in one nest, that is, among the offspring of a 
single pair of the species, but many of the variations are restricted 
to certain loealitiea Son^e of the forms can be considered as 
actual (" fertigo '*) species, intermediate fonns not being found, and 
even the characters by which species are recognised being some- 
what modified. As examples of this he mentions BowJms silvarum 
and B. arenicola, B, yrratonim and B, serimah iranus. In other coses, 
however, the varieties are not so discontinuous, intermediate forms 
being numerous ; this cbndition is more common than the one we 
have previously described ; B. terresMs, B. hortoriim, B, lapidarius 
and B. pomorum are examples of these variable species. The 
variation runs to a considerable extent in parallel lines in the 
different species, there being a dark and a light form of eiich ; also 
each species tl^at has a white termination to the body appears in 
a form with a red termination, and vice versd. In the Caucasus 
many species that have everywhere else yellow bands possess 
them white ; and in Corsica there are species that are entirely 
black, with a red termination to the body, though in continental 
Europe the same species exhibit yellow bands and a white ter- 
mination to the body. With so much variation it will be readily 
believed that much remains to be done in the study of this 
fascinating genus. It is rich in species in the Northern hemi- 
sphere, but poor in"^ the Southern one, and in both the Ethiopian 
and Australian regions it is thought to be entirely wanting. 

Th^ species of the genus Paithyrus {Apathus of many authors) 
inhabit the nests of Bombus ; although less numerous than the 
species of the latter genus, they also are widely distributed. They 
are so like Bombus in appearance that they were not distinguished 
from them by the earlier entomologists ; and what is still ipore 
remarkable, each species of Psithyrus resembles the Bombus with 
which it usually lives. There appear, however, to be occasional 
exceptions to this rule. Smith having seen one of the yellow- 
banded Paithyrus in the nest of a red- tailed Bomhus. Psithyrus 
is chiefly distinguished from BomJnis by the absence of certain 
characters that fit the latter Insects for their industrial life ; the 
hind tibiae have no smooth space for the conveyance of pollen, , 
and, so far as is known, there are only two sexes, males and per- 
fect females. The Bombtis and Psithyrus live together on the 
.best terms, and it appears probable that the latter do the former' 
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no harm beyond appropriating a portion of their food supplies. 
Schmiedekuecht says they are commensals, not parasites ; but it 
must Ije admitted that singularly few descriptions of the habits 
and life-histories of these interesting Insects have been recorded. 

Hoffer has, however, 
made a few direct"^ 
observations which 
confirm, and at the 
same time make 
more definite, the 
vague ideas that 
have been generally 
prevalent among 
entomologista He 
found and took 
homo a nest of 
hm variahilis, which 

I, outer»i.leofhiii.ne(5. Contained also a 

female of PsithyvuB 

campeMris, so that he was able to make observations on the two. 
The Pdthyrus was mneli less industrious than the Bomhus, and 
only left the nest somewhat before noon, returning home again 
towards evening ; after about a month this specimen became still 
more inactive, and passed entire days in the nOst, occupying itsedf 
in consuming the stoies of honey of its hosts, of which very large 
quantities were absorlied, the Psithyrua being much larger than the 
host-bee. The cells in which the young of the Pdihyrm are hatched 
are very much larger than those of the Bomhus, and, it may therefore 
be presumed, are formed by the PsWiyrus itself, for it can scaixjely 
be supposed that the Bombus carries its complaisance so far as 
to construct a cell specially adapted to the superior stature of its 
uninvited boarder. When a Pdthyrua has been for some time a 
regular inhabitant of a neat, the BomJnt^ take its return home from 
time to time as a matter of course, displaying no emotion what- 
ever at its entry. Occasionally Hoffer tried the introduction of 
a Psithyrm to a nest that had not previously had one as ail in- 
mate. The new arrival caused a great hubbub among the BombtiSt, 
which rushed to it as if to attack it, but did not do so, and the 
alarm soon subsided, the Psiihyrus taking up the position in 
the nest usually affected by the individuals of the species. ,On 
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introducing a female P$ithyru» to a nest of Bambua in which a 
Fsithyrm was already present as an established guest, the latter 
asserted its rights and- drove away the new comer. Hoffor also 
tried the experiment of placing a Psithyriis campestria in the nest 
of Bombus lapidarius — a species to which it was a stranger ; not- 
^withstanding its haste to fly away, it was at once attacked by 
the Bombus, who pulled it about but did not attempt to sting it. 

When Psithyrus is present in a nest of Bombus it appii'ently 
affects the inhabitants only by diminishing their stones of food to 
so great an extent that the colony remains small instead of largely 
increasing in numbers. Although Bomhus variabUis, when left 
to itself, increases the number of individuals in a colony to 200 
or more, Iloffer found in a nest in which Psithyrus wjis present, 
that on the let of September the usscmbkgc consisted only of a 
queen Bomhus and fifteen workers, together with eighteen speci- 
mens of the Psithyrus, eight of these being females. 

The nests of Bomhus are destroyed by several animals, probably 
' for the sake of the honey contained in the pots ; various kinds 
of small mammals, such us mice, the weasel, and even the fox, 
are known to destroy them ; and quite a fauna of Insecls may be 
found in them ; the relations of these to their hosts are very little 
known, but some undoubtedly destroy the bees’ larvae, as in the 
case of Meloe, MutUla and Conops, Birds do not as a rule attack 
these bees, though the bee-eater, Merops ajnaster, has been known 
to feed bn them very heavily. 

The genera of social bees known as Melipona, Triyona or Tetra- 
gona, may, according to recent authorities, be all included in one 
genus, Melipona, Some of these Insects are amongst the smallest 
of bees, so that one, or more, species go by the name of “ Mosquito- 
bees.” The species appetir to be numerous, and occur in most of the 
tropical parts of the continents of the world, but unfortunately 
very little is known as to their life-histories or economics ; they 
are said to fonn communities consisting at times of a countless 
number of individuals; but it has not been thoroughly ascer- 
tdined whether these are the produce of a single queen, os in 
the case of the hive-bee, or whether there may be more than one 
egg-producer in each community. The late F. Smith thought 
the former of these alternatives would prove to be correct. 
These mosquito-bees are frequently spoken of as stingless bees, 
but this is not quite correct, for although they do not sting, 
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von Ihering^ aays that the eBseiitial elements of the sting 
are present, the pointed or penetrating part of the apparatos 
being stunted. 

It would serve no useful purpose to attempt to construct the 
social history of these stingless bees from the numerous htief 
scattered accounts in entomological literature, for they refer to ’ 
different species ; it is, however, positively stated by Smith on the 
authority of Peckolt ® that Trigona mosquito sends off swarms after . 
the manner of the liive-bee in this country, and that after search- 
ing six hives only one royal female could be found in each. 

The nests of many of these little bees are rich in honey, and 
they have a liost of enemies from man and monkeys downwards ; 

and as they do not defendl 
themselves by stinging, it might 
1)0 supposed they would have 
but a poor time of it. From 
the accounts tliat have been 
published we may, however, ‘ 
gather that they are ricli in 
devices for tlie prottjction of 
their nests, and for the exclu- 
sion of intruders. Bates has 
given some particulars as to 
MelipoTia intermpta (/asci- 

Fia 24 .-.Vrf,>m«,p. 9 . An.a»».. it is about ofie-third 

shorter than the hive-bee, and its colonies are composed of an im- 
mense number of individuals. The workera are usually occupied 
in gathering pollen ; but they also collect clay in a similar manner,, 
and convey it to the nest, where it is used for. building a wall to 
complete the fortitication of the nest, wliich is placed either in a 
suitable l)ank, or in a* trunk of a tree; in either situation it ii 
completely built in with clay. A nest which Bates saw opened 
contained about two quarts of pleasantly-tasted liquid honey^ 
Forty-five species of these little bees were found in differi^n^•: 
parts of the Amazons Valley, the largest kind being half an • 
in length, the smallest very minute, not more than one-twblfth 
of an inch. These little creatures are thus masons as well, 
as Vorkers in wax and resin, and they are also gatherers; of 
nectar, pollen, and resin. 

^ EnJt, NtUkr. xii. 1886, p. 177. ^ Tr. tni, Soe. 1868, p. 138. . 
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According to Gosse, one of these bees, is >vell known in Jamaica, 
where they are called ** Angelitos,” in consqueiice of their not sting- 
ing people. He observed a nest of this bee in a tree, and found 
it to be much infested by black ants anxious to obtain entrance 
to it ; three bees, however, stood sentinel in the entrance, so as to 
i^mpletely block it and keep out intruders, but the middle bee 
moved on one side out of the way directly one of its fellows 
wished to come in or out of the nest The lioiicy accumulated 
by this species is kept in clusters of cups about the size of a 
pigeon’s egg, at the bottom of the Iiive and away from the brood- 
cells. The queen or mother-bee is lighter in colour than the 
others, and has the hind body twice the length of theirs. 

Hockings ^ has given us some details as to the natural history 
of two of these bees that inhabit Australia, whera they are called 
‘ Karbi ” and “ Kootchar,” the first being, it is supposed, Triyoiia 
carhonaHa^ Smith: it is usually al)out three -sixteenths of an 
inch in length, the queer, when fully developcid, being nearly 
twice that length. The comb is built in a most peculiar form, 
being, it is said, in the sha]ie of a spiral staircase, and tapering 
towards the ends: hoiiey-pots and pollen are constructed for 
the storage of food. The comb is encased in wax, and outside it 
a labyrinth of waxen passages is formed. The entrance to the 
colony is guarded by a line of bees who inspect every, one that 
arrives, and it is surprising to see how soon a,, stranger is dis- 
covered and pounced upon before it has time even to alight ; the 
intruder, when caught, is held by several bees, who put it on the 
rack by holding and stretching out its limbs to their full extent, 
retaining it in this position for as long as an hour, by which time 
the unfortunate prisoner is usually dead. These bees, as well os 
many oth^r allied species, fight desperately with their mandibles, 
^and are apparently of a very fierce disposition. The other 
species, called “ Kootchar,” is said to produce a very large number 
,of drones, and the habits and dispositions of tlie bees differ con- 
siderably from those of the “ Karbi ’’ : the entrance to their hive is 
guarded by a pipe of propolis (a sort of resinous wax) about an inch 
in length, having ah exceedingly sticky outer edge, and it is by this 
pipe alone that access to the interior can be' gained. At night 
the entrance is closed by'^numerous minute globules of semi-fluid 
gun^ placed against it, thus forming a thin wall full of air-holea 
^ Tr. ent, Soe. London^ 18S4, i>. 149. 




64 


HYMENOPTERA 


- CHAP. 


The colonies of " Kootchar ” can be united by taking away a queen 
and then packing her brood-nest, bees and all, against that of 
the colony it is to be joined to. This cannot be done with the 
“ Karbi.” The account given by Mr. Hockings contains a great 
many other interesting details, and there can be no doubt that 
a full account of the natural history of these Insects would bb 
very instructive. 

Fritz Miiller has recorded a singular case bearing on the 
instinct of these social Insects : he says that a nest of a small 
Trigona was built in a hollow tree, and that as a consequence of 
the irregularity of the hole the bees were obliged to give a very 
irregular sliape to their combs of honey. These bees were 
captured and put in a spacious box (presumably together with 
the irregular comb, but this he unfortunately does not mention) : 
after a year, when perhaps not a single l^e survived of those 
which had come* from the canella tree,” they still continued to 
build irregular combs, though quite regular combs were built by 
several other communities of the same species that he had kept^' 
These bees, he also tells us, do not use pure wax for the construc- 
tion of their combs, but mix it with resin or gum that gives it a 
peculiar odour and appearance. He captured two communities 
of a common Mdiporui, one of which hud the combs made of dark 
reddish brown, the other of pale yellowish brown, wax, and in 
captivity in a distant locality each of the two communities 
continued to form its comb in the same way, thus fijiowing the 
continuity that prevails in these cases as long as circumst»inces 
permit. Muller thinks this due to imitation, but it seems at 
least as probable that it is due to perception of the properties of 
the nest. The nest has a certain colour that the worker-bee 
matches. 

Several species of the Mdipona and Trigona were imported 
from Brazil to France, and kept there for some time in captivity 
by M. Urory. Girard has published ^ some details as to these 
colonies, and is of -opinion that some of them indicate an in- 
telligence or instinct superior to that of the honey-bee. The 
queen-bee of M. scutdlaris seems to display more intelligence 
than the corresponding sex of A. niellijica. The mode of feeding 
the larvae apparently differs from that of A, mdlifica, a provision 
of pollen being first placed in the cell, then some honey; when 
^ Ann, Soc, eni. France (6), iv. 1874, p. 567. 




SOCIALES — HO&^EV-BEE 6 5 

sufficient food for the whole consumption of a larva is aecumiilated 
the queen deposits an egg in the cell, which is at once completely 
closed by the worker. The interior of the abode of these*, bees is 
quite dark, only a very small orifice being left, and in this a sen- 
tinel is constantly on the alert. The same writer states that 
Triffowt crassijm has tlie very peculiar habit of always locating 
its brood-comb in the nest of a species of Trnnes. 

The honey-bee, Apia mellifica (Fig. 6), is considered the highest 
form attained by the Aiithopliilous division of the Hymenoptera. 
The ditlereutiation of the three forms, male, female, and worker, 
is here carried to a greater degree of perfection tlian in the other 
beea The drones are the males ; the individuals we see gather- 
ing honey are always workers, neither the male nor the female in 
this sjKUiies taking any part in prfx*uring food for themstdves or 
for the colony. In addition to this the colonies foniicd may l>c 
described as permanent: they do not come t«> an end at the close 
of one season, and provision is made for the formation of a new 
colony wliile the old one still |)evsi8t8, by means of a peculiar pro- 
cess called swarming. The life-history of Apia wellijim and its 
•anatomy and physiology have been discussed in a whok*. library 
of works, and we need only notice tl\e chief features. When a 
swarm of bees letives a hive it consists of the qiicen-l^ee or 
female, and a number^f workers, these latter being, in fact, the 
surplus population that has been produced in tlie hive. The 
swarm is not a nuptial flight, as is often supposed, but an act 
of emigration. When this swarm has been housed, the bees 
commence operations in their new (piarters, by secreting wax ; 
they are enabled to do tliis by having conBume<l much saccharine 
food ; the wax is produced by means of glands in the hiud-lKidy 
over the. inner faces of the ventral plates of the abdominal rings, 
and it makes its appearance there, after passing from the interior 
of the body through some peculiar membranes on the ventral 
segments, in the form of thin projecting plates. Thesp the bee 
. takes off with an apparatus on the hind pair of legs and applies, 
after working up with the mandibles, to form the cells in 
which young ones are to bo reared and food stored. A large 
number of bees working in common thus produce the regular 
and beautiful structure known as the comb ; the queen afterwards 
lays an egg in each cell, and as these soon hatch, great labour is 
thrown on the workers, which have then to feed the young ; this 
VOL. VI F 
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they do by eatiug honey and pollen, whioh, being formed into 
sort of pap by a portion of their digeetive organs, is then re- 
gurgitated and given to tlie young, a quantity of it being placed 
in the cell, so that the larva is bathed by it, and possibly may 
absorb the food by the skin as well as the mouth. When the 
colony is in good progress and young bees emerge, these act as 
nurses, the older ones cease to prepare food and act as foragers, 
bringing in honey and ].K)llen which ai*e each stored in separate 
cells. The larva in the cell increases its size and sheds a very 
delicate skin several times; when the larva has reached its 
full size no more food is supi>lied, but the worker-bees seal up 
the cell by means of a cover formed of pollen and wax, in such a 
manner as to be pervious to air : sealed up in the cell the larva 
spins a cocoon for itself, remains therein for a little time as a 
larva, then changes to a pupa, and thereafter bites its way out 
through the cover of the cell, and appears for the first time as 
a new being in the form of a worker-bee; the wliole process of 
<levelopment from the egg-state to the perfect condition of tlic 
worker-bee occupies about three weeks. 

When the denizens of a hive am about to produce another 
queen, one or more royal cells are foimed; these are much 
larger than the ordinary worker-cells, and of a quite different 
form. In this cell is placed an egg, not differing in any resp^t 
from the egg that, if placed in an ordinary cell, produces a 
worker ; when the egg has produced a larva this is tended with 
great care and fed throughout its life with royal jelly. This 
food appears to be the same as that supplied to an ordinary 
worker-larva when it is first hatched ; but there is this differ- 
ence, that whereas the worker-larva is weaned, and supplied, 
after the first period of its existence, with food consisting lai'gely 
of honey, pollen and water, the queen-larva is supplied with the 
pap or royal jelly until it is full grown. Some difference of 
opinion exists as to this royal jelly, some thinking that it is a 
different substance from what the workers are fed with ; and it 
is by no means improbable that there may be some difference in 
the secretion of the glands that furnish a part of the material 
composing the pap. The queen is produced more rapidly than 
workers are, about sixteen days being occupied in the process of 
her development. Only one queen is allowed in a hive at a 
time; so that when several queen-cells are formed, and qtieen*^ 
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larvae nurtured in them, the ;first one that is developed into a 
perfect queen goes round aud stings the royal nymphs to death 
while they are still in ^ieir cells. The pr^uction of drones is 
supposed to depend chiefly on the nature of the egg laid by the 
queen ; it l)eing toiisidered that an unfertilised egg is deposited 
foK this purpose. There is still some doubt on this point, how- 
ever. Though there is no doubt that drones are produced in 
great numbers from unfertilised eggs, yet there is not evidence 
that they cannot also be produced from fertilised egga^ The 
drone-cells are somewhat larger than the ordinary worker-cells, 
but this is probably not of much import, and it is said that the 
larvae intended to produce drones receive a greater proportion of 
pap than worker-larvae do : about twenty-four days are required 
to produce a drone from the egg. 

From this sketch it will be seen that the production of the 
worker (or third sex, as . it is improperly called, tlie workers 
^being really females atrophied in some points and specially 
developed in others) is dependent on the social life, in so far at 
any rate as the special feeding is concerned. There is good 
reason for supposing that A, mellijka has been kept in a state of 
domestication or captivity for an enormous period of time ; and 
this condition has probably led to an increase of its natural 
peculiarities, or perhaps we should say to a change in them to 
«uit a life of confinement. This is certainly, the case in regard 
to swarming, for this process takes place with comparative 
irregularity in Apis mellifica in a wild condition. The killing of 
superfluous queens is also probably a phenomenon of captivity, 
for it varies even now in accordance with the numbers of the 
colony. It is interesting to notice that in confinement when a 
swarm .goes from the hive it is the old queen that accompanies 
it, and this swarm as a rule settles down near the old hive, so 
that the queen-bee being already fertilised, the new swarm and 
its subsequent increase are nothing but a division of the old 
hive, the total products of the two having but a single father 
and mother. When a second swarm goes off from a hive it is ’ 
accompanied by a young queeu, who frequently, perhaps, in the 
'majority of cases, is unfertilised ; this swarm is apt to fly for 
long distances, so that the probability of cross-fertilisation is 

. ^ See P4rei, Ad. Soc. Bordeaux, xxziii. 1880, p. Ixv. ; end Cameron, TrJ Soc. 

Qiaag&Vf, tl a. iL 19%% p. 194. ' 
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greatly increased, as the fertilisation of the young new queen is 
effected during a solitary flight she makes after the colony has 
settled down. But in a state of nature the colonies do not send 
oft* swarms eveiy year or once a year, but increase to an enormous 
extent, going for years without swarming, and then when their 
home is really filled up send off, it may be presumed, a numliter 
of swarms in one year. Thus the phenomena of bee-life in a 
wild condition differ considerably from those wo see in artifi- 
cial confinement. And this difference is probably greatly accen- 
tuated by the action of parasites, the proportions of which to their 
guests are in a state of nature liable to become very great ; as 
we have seen to be the case in Bomhus. 

Under these circumstances it is not a matter for surprise 
wlieii we find that the honey-bee has formed distinct races 
analogous to tliose that exist in the case of the domesticated 
vertebrate animals. The knowledge of these races is, however, 
at present very little advanced, and is complicated by the fa(;t^. 
that only imperfect information exists as to the true species 
of the genus Apis. There is a bee very like our common honey- 
bee found in southern Europe called A. lignstica; this is 
certainly a variety of A. mellifica, and the same remark applies 
to a bee found in Egypt, and called A.fasci(tta. This gives the 
honey-bee a very wide distribution, extending possibly over the 
whole of the palaearctic region : besides this, the species has been 
introduced into various other parts of the world. 

According to Karsch the honey-bee shows in Germany several 
varieties, all of which belong to the northern form, which may 
be spoken of as the A. doviestica of Bay ; the A. ligustica and A. 
fcbseiata form as we have said distinct races, and it is a remark- 
able fact that these races remain distinct even when imported 
into other climates ; though for how long a period of time this 
remains true there is very little evidence to show. The northern 
form, A. domestica, is now found in very widely separated parts 
of the world, in some of which it is wild; Smith mentions it 
us occurring in the West India islands, throughout the North 
American continent as far south as Mexico, even in Central and 
Southern Africa, and in Australia and New Zealand. The var. 
ligustica has been found also at the Cape of Good Hope. The 
other species known of the genus belong to the Old 

World, so that there' is very little doubt that A. wMifica is also 
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a true native of the eastern heinisphei'e, and its original Itoiiie 
may possibly have been not far from the shores of the eustern 
portion of the Mediterranean sea. Seven or eight other siwcies 
of Apis are known, all but one of which occur in Asia, ex- 
tending as far as Timor and Celebes. The exceptional one, A, 
aUanso7ii% occurs in tropical Africa and 
in Madagascar. Gerstaecker thought 
these species might be reduced to four, IjSw 
but Smith’s statement that the males 
and even the workers show good dis- ^ 

tiuctive characters seems to be correct. 

Very little is known as to the honey- 
bees of China and Japan. 

The queen-bee gi’eatly resembles the 
worker, but has the hind Ijody more ^ ^ 

elongated ; she can, however, always be 
di8tinguishc<1 Irom the worker by the 
* albsence of the beautiful trausveise, 2 

comb-like series of hairs on tlie inner 
side of the lirst joint of the hind foot, Ipp 
the planta, as it is called by the lx5e- ^ 
keeptir : she has also no wax plates and 
differs in important anatomical peculi- 
arities. The inuhi bee or dmiie is very y/ZT lt 
different, lieing of much broader, more ^ 

robust build, and with very large eyes 
that quite meet in the middle of the 
upper part of the head : he also has tlie MTW 
hind leg differently shaped. The fonn of ^ 
this limb enables the male of A. mdlifica Fin. 25.— Portions of himi-feet, 
to be distinguished from the correspond- 

ing sex of allied species of the genus. series on the left, outer 

We are indebted to Horne for some ^ 

particulars as to the habits of A. dormUi, joint ; secoini joint 

an allied East Indian species. He informs 

us th|U} these bees greatly disfigure buildings, such as the Taj Mahal 
at Agra, by attaching their pendent cujmbs to the marble arches, 
and are so pertinacious that it is almost useless to destroy the 
nests. This bee is said to be so savage in its disposition that it 
<iannot be domesticated ; it attacks the sparingly clad Hindoos 
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with great ferocity when they disturb its nest. Notwithstand- 
ing its inclination and power to defend its societies this Insect 
appears to be, destroyed wholesale. Colonel Bamsay failed to 
establish hives of it, because the Insects were eaten up by lizards. 
The crested honey-buzzard carries off large portions of the comb» 
and devours it on, a branch of some tree near by, quite regardless 
of the stings of the bees; while the fondness of bears for the, 
honey of the ** Dingar,” as this species is called, is well known. 


Note to P. 33 : It has just been discovered that a most remarkable 
symbiosis, with structural modification of the bee, exists between the females 
of Xylocopaj of the Oriental sub-genus Kdftorthosoma^ and certain Acarids. 
A special chamber, with a small orifice for entry, exists in the abdomen of 
the bee, and in this the Acari are lodged. — See Perkins, Ent, Mag. xxxv. 
1899, p 37. 


Note to P. 80 : referring to the habits of social was|)s in warm countriea 
The anticipation we venturi to indulge in is shown to be correct by the 
recent observations of Von Ihering.^ He states tliat social wasps in Brazil 
may be divided into two gr^t groups by their habits, viz, 1. Summer com- 
munities, lasting for one year, and founded annually by feriilised feinalea 
that have hibernated — example, PolUtw; 2. Perennial coinmunities, founded 
by swarms after the fashion of W colonics — examples, PolyMa^ Chartergiu. 

1 Ann. Eat. Hist. (6), xix. 1897, p. 186. 


Note to Vol. V. Pp. 646, 646 : The development of Eneyrtua fuaeieoUia 
has now been studied by Marchal, who has discovered the existence of 
embryonic dissociation. The chain of embryos and the epithelial tube in 
which they are placed, are formed as follows : the Encyrtua deposits an egg 
in the interior of the ^ of the Hyponomauta. This does not kill the egg 
of the Lepidopteron, but becomes included in the resulting caterpillar. The . 
amnion of the Ghalcid egg lengthens, and forms the epithelial tube ; while 
the c^lls within it become dissociated in such a way as to give rise to a ' 
chain of embryos, instead of a single embrya — O.B. Ac. Paria^ czxvi 1808^ 
p 662, and. translation in Awn. Nat. Hiat. (7), iL 1898, p 28. 




CHAPTER II 


HYMBNOPTKRA ACULEATA 6Wm"t^A7i— DIVISION 11. DIPLOPTERA 

OR WASPS KUMENIDAE, SOLITARY TRUK WASPS VKSPIDAK, 

SO(^IAL WASPS MASARIDAE 

Division II. Diploptera — Wasps. 

Anterior wings longitudincUly plicate in repose; the pronotura 

extending hack, so as to form 

* on each side an angle reposing 

on the tegula; the hasal seg~ 

wents of the hind hody not 

hearing nodes or scales ; the 

hind taru formed for simple 

walki^ig. The species either 

solitary or social in their 

... • Fig. 26. — Upper aspect of pronotum 

hauits ; some emnsting 'in three ineBouotuin of a ivasp, £uim~ 

forms, males, females, and coarctala, a. Angle of prono- 

j tiim ; A tegula ; e, boso of wing ; 

workers, a, mesonotum. 

This division of Hymonoptera includes the true wasps, but not 
the foBsorial wasps. The name applied to it has been suggested 
by the &ct that the firont wings become doubled in the long direc- . 
tion when at rest, so as to make them appear narrower tlian in 
most other Aculeata (Fig. 27). This character is unimportant 
in function so far as we know,* and it is not quite constant in 
the division, since some of the Masaridae do not exhibit it. The 
chuncter reappears outside the Diploptera in the genus Z««eospts 
.<—.$1 member of the Chalcididae in the parasitic series of Hymen- 
pptera — the species of which greatly resemble wasps in coloration. 

' A better character is that furnished by the well-mmrked angle, 

. Juiet hM snggested tiut the folding U done to keep tke delicte bind-nwgin. 
of th. wing, ftom bei^ finjed. 
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formed by the ]^ronotuin on the dorsal part (Fig. 26). By a 
glance at this part a Diplopterous Insect can always be readily 
distinguished. 

Three families are at present distinguislied in the Diploptera, 
viz. Eumenidae, Vespidae and Masaridae. We anticipate that 
Eumenidae and Vespidae will ultimately be found to constitute 
but one family. 

Fam. 1. Eumenidae — Solitary True Wasps. 

ClatVR of the feet toothed or bifid; middle tibiae xoith only one 
spur at tip. Sociiol assemblayes are not formed, and there is 
no xoorker-eiute, the duties of nest-comiriietion, etc., being 
performed solely by the female. 

I’he .Eumenidae, or solitary wasps, are very little noticed by 
the ordinary observer, but they are nevertheless more numerous 

than tlic social Vespidae, about 800 
species being known. In Britain we'* 
have sixteen species of the solitary, as 
against seven of the social wasps. 
The Eumenidae exhibit a considerable 
diversity in form and striictui'e ; some 
of them have the pedicel at the base 
of the abdomen very elongate, while 
in others this is so short as to be 
imperceptible in the ordinary position 
of the body. A repetition of similar 
differences of form occurs in the social 
wasps, so that notwithstanding the 
difference in habits there seems to be 
in the position of repose, to no satisfactory way of distinguishing 
ghowfoiiling. members of the two families ex- 

cept by the structure of the claws and tibial spurs. 

Fabre has sketched the habits of a species of Eumems, 
probably E. pomiformis. This Eumenes constructs with clay a 
small vase-like earthenware vessel, in the walls of which small 
stones are embedded (like Fig. 28, B). This it fills with food 
for the young. The food consists of caterpillars to the number 
of fourteen or sixteen for each nest. These caterpillars are 
believed to bo stung by the parent- wasp (as is the case in the 
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fossorial Hyinenoptera), but complete evidence of this does not 
seem to be extant, and if it be so, the stinging does not 
completely deprive the caterpillars of the capicity of movement, 
for they possess the power of using their mandibles and of 
making strokes, or kicking with the jiosterior jiart of the body, 
ft is clear tliat if the delicate egg of the Humenes or the <Ieli- 
cate larva that issues from it were placed in the midst of a 
mass of this kiml, it would probably 
suffer destruction ; therefore, to 
prevent this, the egg is not placed 
among the caterpillars, but is sus- 
pended from tlie dome covering 
the nest by a delicate thread 
rivalling in fineness the web of the 
spider, and being above the mass 
of food it is sjifc. When the 
young larva leaves the egg it still 
fnakes use of the shell as its habit- 
ation, and eats its first meals 
from the vantage-point of this 

suspension; although the mass of Fia. 28.--NiilitlcationorKnUt!iry wokpr: 
the food grows less by consumption, 
the little larva is still enabled to 
icach it by the fact that the egg- 
shell splits up to a sort of ribbon, 
and thus adds to the length of the suspensory thread, of which it 
is the terminal portion. . Finally the heap of caterpillars shrinks 
so much that it cannot be reached by the larva even with the 
aid of the augmented length of the suspensory thread ; by this 
time, however, the little creature has so much increased in size 
and strength that it is able to take its place amongst the food 
without danger of being cruslied by the mass, and it afterwards 
completes its metamorphosis in the usual manner. 

It is known that other species of KumeMes construct vase- 
like nests ; E, unguiculaJta, however, according to an imperfect 
account given by Perris, makes with earth a closed nest of 
irregular shape, containing three cells in one mass. The saliva 
of these builders has the power of acting as a cement, and of 
forming with the clay a very impenetrable material. One 
species, E. coarctatay L. of this genus occurs in Britoin. The clay 


Hcittioii tiiroiiRh iiest, A, of ikiy- 
nfniH reuifvnnis ; B, of Jiunwtvs 
urbmtimnn, re, TIik Biispendcd egg 
of the vriwp ; h, tho stored cater- 
pillars. (After Andre.) 
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nests. (Fig. 29) of this Insect are often attached to the twigs of 
shrubs, while those of the two ‘ species previously mentioned are 

usually placed on objects that offer a 
large surface for fixing the foundatioils 
to, such as walls. According to Goureau 
the larva of this species forms in one 
corner of .its little abode, separated by a 
partition, a sort of dust-heap in which 
it accumulates the various debris re- 
sulting from the consumption of its 
stores. 

Etimems eonica, according to Horne, 
constructs in Hiiidostan clay-nests with 
very delicate walls. This species pro- 
visions its nest with ten or twelve green 
caterpillars ; on otie occasion this ob- 
server took from one cell eight green 
caterpillars and one black. It is much 
attacked by parasites owing, it is 
thought, to the delicacy of the walls of the cells, which are 
easily pierced ; from one gi’oup of five cells tw’o specimens only 
of the Euvienes were reared. 



* A 

Fia. 29. — Nest of Kumewa 
eaarctaia ; A, the nest 
attached to wood : B, de- 
\ tache<1, showing the larva, 
a, the larva ; the parti- 
tion of the cell. (After 
Andre.) 


Oihjnerusj with numerous sub-genera, the names of whicli 
are often used as those of distinct genera, includes the larger 
part of the solitary wasps ; it is very widely distributed over the 
earth, and is represented by -many peculiar species even in the 
isolated Archipelago of Hawaii ; in Britain we have about fifteen 
species of the genus. The Odynerus are less accomplished 
architects than the species of Eimenes, and usually play the 
more humble parts of adapters and repairers ; they live either in 
holes in walls, or in posts or other woodwork, or in burrows in 
the earth, or in stems of plants. Several sproies of the sub- 
genus Hoplopus have the remarkable habit of constructing- 
burrows in sandy ground, and forming at their entry a curvate, 
fredy projecting tube placed at right angles to the main bur* 
row, and formed of the grains of sand brought out by the 
Insect during excavation and cemented together. The habits of 
one such species were described by Beaumur, of another by 
Dufour ; and recently Fabre has added to the accounts of these 
naturalists some important information drawn from own: 
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observations on 0, reniformis. This, « Insect provisions its cell 
with small caterpillars to the number of twenty or upwards (Fig. 
28, A.) The egg is depbsite4 .before the nest is stocked with food ; 
it is suspended in such a. manner that the suspensory thi'ead 
allows the egg to reach well down towards the bottom of the 
' cell The caterpillars placed as food in the nest are all curled 
up, each forming a ring approximately adapted to the calibi'e of 
the cell. Fabre believes these caterpillars to be partly stupefieil 
by stinging, but the act has not been observed either by himself, 
Beaumur, or Uufour. The first caterpillar is eaten by the wasp- 
larva from its point of suspension ; after this first ineal has been 
made the larva is supposed to undergo a change of skin ; it then 



Fia. 30 . — OdynervH antilope 9 . Britain. 


abandons the assistance of the suspensory thread, taking up a 
position in the vacant chamber at the end of the cell and draw- 
ing the caterpillars to itself one by one. This arrangement 
permits the caterpillars to be consumed in the order in which 
they were placed in the cell, so that the one that is weakest on 
account of its longer period of starvation is first devoured. 
Fabre thinks all the above points are essential to the successful 
development of this wasp-larva, the suspension protecting the egg 
and the young larva from destruction by pressure or movement 
of the caterpillars, while the position of the larva when it leaves 
^ the thread and takes its place on the floor of the cell ensures its 
^^nsuming the food in the order of introduction ; besides this the 
caterpillars used are of a proper size and of a species the 
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individuals of which haver the habit of rolling themselves up in a 
ring ; while, as the calibre of the tube is but small, they are 
unable to straighten themselves and move about, so that their 
consumption in proper order is assured. Some interesting 
points in the habits of an allied species, 0. (J^terocheiliis) spinipes 
have been observed by Verhoeff ; the facts as regards the con-^*' 
struction and provisioning of the cell are almost the same as in 
reniformis. The species of Odynerus arc very subject to the 
attacks of parasites, and are, it is well known, destroyed to an 
enormous extent by (Jhrysididae. Verhoeff says that the wsisp 
in question supplied food much infested by eiitoparasites ; further, 
that a fly, Argifromoeha Riwaata^ takes advantage of the habit of 
the Odymrm of leaving its nest open during the process of pro- 
visioning, and deposits also an egg in the nest ; the Odynerm 
seems, however, to have no power of discovering the fact, or more 
probably has no knowledge of its meaning, and so concludes the 
work of closing the cell in the usual way; the egg of the 
Argyromoeba hatches, and the maggot produced feeds on the 
caterpillars the wasp intended for its own offspring. Verhoeff 
observed that the egg of the wasp-larva is destroyed, but he does 
not know whether this was done by the mother Argyromoeba or 
by the larva hatched from her egg. Fabre’s observations on 
allied species of Diptera render it, however, highly probable that 
the destruction is effected by the young fly-larva and not by 
the mother-fly. 

Mr. R. C. L. Perkins once observed several individuals of out 
British 0. callosus forming their nests in a clay bank, and pro- 
visioning them with larvae, nearly all of which were parasitised, 
and that to such an extent as to be evident both to the eye and 
the touch. In a few days after the wasps’ eggs were laid, swarms 
of the minute parasites emerged and left no food for the Odynerus. 
Curiously, as it would seem, certain of the parasitised and stored- 
up larvae attempted (as pirasitised larvae not infrequently do), 
to pupate. From which, as Mr. Perkins remarks, we may infer 
that (owing to distortion) the act of paralysing by the wasp had 
been ineffectual. Mr. Perkins has also observed that some of the 
numerous species of Hawaiian Odynerus make a single mud-cell, 
very like the pot of an JEumeneSy but cylindrical instead of 
spherical. This little vessel is often placed in a leaf that a 
spider curls up ; young molluscs of the genus Achatinella also 
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avail themselves of this shelter, so that a curious colony is formed, 
consisting of the Odynerus in its pot, of masses of the young 
spiders, and of the little mollusca 

Horne has recorded that the East Indian 0. jnnwtnm is fond 
of availing itself of holes in door-posts whem large screws have 
*been ; after the hole lias been filled ' with provisions, the orifice 
is covered over level with the surface of the wood so that it 
eludes human observation. It is nevertheless discovered by an 
Ichiieumon-fiy which pierces the covering with its ovipositor and 
deposits ail egg within. 

The genus Ahispa is peculiar to Australia and includcii some 
very fine solitary wasps, having somewhat the appetirance of verj' 
large Odynerm : tliese Insects construct a beautiful mi^st with a 
projecting funnel-shaped entrance, and of so large a size that it 
might ])ass for the habitation of a colony of social wasps; it 
appears, however, that this large nest is really formed by a single 
female. 

The species of the genus Rhygcliiuiu arc also of insecticide 
habits, and appear to prefer the steins of pithy plants as the 
nidus for the development of the generation that is to follow 
them. Lichtenstein says that a female of the European IL 
oculatum forms fifteen to twenty cells in such a situation, and 
destroys 150 to 200 caterpillars, and he suggests that, as it is 
easy to encourage these wasps to nest in a suitable spot, wc should 
utilise them to free our gardens from caterpillars, as we do cats 
to clear the mice from our apartments. 

The East Indian Ji. carnaticuvi seems to have very similar 
habits to its European congener, adapting for its use the hollow 
stems of bamboos. Home has recorded a case in which a female 
of this species took possession of a stem in which a bee, Meyachile 
lanata, had already constructed two cells ; it first formed a parti- 
tion of mud over the spot occupied by the bee, this i)artition being 
similar to that which it makes use of for separating the spaces 
intended for its own young. This species stores caterpillars for 
the benefit of its larvae, and this is also the case with another 
Eastern species. It. nitidvlum. This latter Insect, however, does 
not nidificate in the stems of plants, but constructs clay cells 
similar to those of Euimnes, and fixes them firmly to wood. 
Rhygchiuifii hrunneum is said by Sir Bichard Owen to obliterate 
hieroglyphic inscriptions in Egypt by its habit of building mud 
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nests amongst them. An individual of this wasp was found 
hy pr. Birch when unrolling a mummy — There being every 
reason to believe that the Insect had remained in the position in 
which it was found ever since the last rites were paid to the 
ancient Egyptian.” 

» 

Fam. 2. Vespidaie — Social Waspa 

Claws of the feet simple, neither toothed nor hijid, middle tibiae 
with two spurs at the tip. Insects living in societies, form- 
ing a common dwelling of a papery or card-like material ; 
each generation consists of males and females and of workers 
— imperfect females — that assist the reproductive female by 
carrying on the industnal occupations. 

The anterior wing possesses four submarginal cells, as in the 
Eumeiiidae. The attention of entomologists has been more 
directed to the habits and architecture than to the taxonomy of 
these Insects, so that the external structure of the Insects them- 
selves has not been so minutely or extensively scrutinised as is 
desirable ; de Saussure, the most impoi'tant authority, bases his 
classiiiciitiou of the Insects themselves on the nature of the nests 
they form. These habitations consist of an envelope, protecting 
cells similar in form to the comb of the honey-bee, but there is 
this important difference between the two, that while the bee 
forms its comb of wax that it secretes, the wasps make use of 
paper or card that they form from fragments of vegetable tissue, 
— ^moro particularly woody fibre — amalgamated by means of 
cement secreted by glands ; the vegetable fragments are obtained 
by means of the mandibles, the front legs playing a much less 
important part in the economy of the Vespidm than they do in 
that of the bees and fossorial Hymenoptera. 

In most of the nests of Yespidse the comb is placed in stages 
or stories one above the other, and separated by an intervening 
space, but in many cases there is only one mass of comb. It is the 
rule that, when the cells of the comb are only partially formed, eggs 
are deposited in them, and that the larva resulting from the egg 
is fed and tended by the mother, or by her assistants, the. workers ; 
as the larvae grow, the cells ai'e increased in correspondence with , 
the size of the larva; the subsequent Metamorphosis to pupa and, 
imago taking place in the cells after they* have been entiMly 
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clos^. The food supplied is of a varied nature according to 
the species, being either animal or vegetable, or botli. 

Although the nests of the social wasps are very elaborate con- 
structions, yet they serve the purposes of the Insects for only a 
single season. This is certainly the case in our own country. 
Aere each ne^t is commenped by a single feniale or queen ; she 
at first perfonns unaided all the duties for tlie inauguration of 

3. 31. — Sectlou of the 
subterraiieaii ucst of the 
common was]), Venpa 
germanicat in position. 
(After Janet.) a. One 
of the c'hanil)ers of an 
Hilt's ucst, JjisinsJ/nviUf, 
placed above the wasps' 
nest ; h, root to which 
the first attachment .of 
the nest Wtis liioile ; r, 
secondary attach men ts ; 
ft, the firKt-made attach- 
ment ; a, a flint within 
the envelopes of the 
nest ; /,the chief susiien- 
Kory ])iilar of the second 
layer of conih ; y, lateral 
galleries ; A, one of the 
secondary pillars of 
siispension between two 
layers of comb; t, the 
layers of wasp-pajier 
forming the envelope of 
nest ; j\ vacant space 
round the nest ; k, flints 
that fell to the bottom 
during the work of ex- 
cavation ; /, numerous 
larvae of a fly, Pegamyvi 
inanUCi) placed vertically in ground beneath the nest ; to the layers of coml^ 
in m* the cells are indicated , in m" (above the main figiire) the arran^ment of the 
three cells forming the commencement of the new layer of comb, is shown ; w, 
gallery of access from surface ; o, burrow of a mole ; interval of 90 mni: between top 
of neet and surface ; q, height of tne nest, 163 mm; 

the colony; she lays the foundation of the cells, deposits the 
eggs in them, feeds the young, and thus rears a brood of workeis 
that at once assist her, and for the future relieve her of a con- 
siderable portion of her former occupations ; the nest is by them 
added to and increased, till the cold weather of the autumn is at 
hand ; at this time many males aiid females are produced ; the 
cold weather either destroys the inhabitants of the nest, or re- 
duces their vitality so t^t it is impossible for them to pursue 
successfully the avocations necessary for their subsistence, and 
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they succumb to adversity. The young females^ however, hiber- 
nate, and each one that lives through the winter is the potential 
founder of a new nest in the way we have already described. It 
might be supposed that in tropical countries where no cold 
season occurs the phenomena would be different, that the colonies 
would be permanent, and that the nests would be inhabited until 
they were worn out. De Saussure, however, informs us that this 
is not the case, but that in the tropics also the colonies die off 
annually. " The nests are abandoned,” he says, " without it being 
possible to discover the reason, for axiparently neither diminution 
of temperature nor scarqity of food cause them (the Insects) to 
suffer. One is tempted to suppose that the death of the Insets 
is the result of a physiological necessity.” 

Nests of Social Wasps. — In Europe wasps’ nests disappear 
very soon after they are deserted. As it would appear from de 
Saussure’s conclusions that in the tropics as well as in the temperate 
regions the rule is that the colonies endure only a portion of one 
year, and that a new nest is commenced by a single founder once 
in twelve months, it is a somewhat remarkable fact that some 
tropical wasp-nests are much more durable than the lives of the 
inhabitants require, so that solidly constructed nests are often 
found hanging to the trees long after they have been deserted, 
and are sometimes overgrown with moss. Cuming has recorded 
the fact that he found in South America an old wasp-nest that had 
been taken possession of by swallows. We do not assign, how- 
ever, mucli importance to the views of de Saussure, because we 
may anticipate that enquiry will reveal much variety in the 
habits of tropical and sub-tropical wasps. It is known that 
species exist that store up honey, after the fashion of bees, and 
von Ihering has recently shown ^ that in Brazil, species of several 
genera form new colonies by swarming, after the manner of bees. 
So that it is possible that certain colonies may remain for a long 
period in the same nest. 

Much more variety exists in wasps’ nests than would be sup- 
posed probable ; those formed by some of the tropical species of 
Vespidae are enveloped in so soUd and beautifuUy constructed an 
envelope of papier-mochd, that they resist with complete success 
the torrential rains of the tropics; while some of those found in 
our own country are made of extremely soft and delicate paper, 
1 Zool. Anz, xiaf. 1896, p. 449. See also note, antea, p. 70. 
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which is probably chiefly glandular products. Our British 
Yespidae number only eight species, all belonging to the one 
genus Vespa, and yet they Exhibit three different modes of 
nidification. Vespa •svlgdris, V. germaniva and V. rvfa form 
subterranean nests, while V. arhorea, V, sylvestris and V, norvegica 
suspend their habitations from the branches of trees, bushes, or 
strong annual plants. Vespa, crahro; the hornet, usually adopts 
an intermediate course, forming its nest above ground, but in a 
spot where it is protected and concealed. 

The favourite habitat of this formidable 
Insect is the interior of an old tree, but 
the hornet will sometimes avail itself of 
the protection of a thatched i*oof. Both 
it and other arboreal species are said, 
however, to occasionally make subter- 
ranean nests. It is ascertained that 

^ V, aiistriaca, the eighth species, is an 
inqiiiliiie. 

De Saussure,^ the monographer of the 
social wasps, classifies them according to 
the architecture of their nests. He estab- 
lishes three groups: (1) StelocyttareS| in 
wliich the layers of comb are not con- 
nected with the envelope, but are sux)- 
ported by pillars made by the wasps (Fig. 

31); (2) Poecilocyttares, an unsatisfac- 
tory group of which the chief character- 
istics appear to be that the nest is always 
covered by an envelope, and the comb is 
supported by an object such as the branch 
of a tree, round, or on, which the envelopo 
is placed (Fig. 32); (3) Phragmocyttares, 
in which the layers of comb are supported, 
in part or entirely, by the envelope of the nest, communication 
being effected by a hole in each layer of the comb (Fig. 33). 
de Saussure*s classification is fiir from satisfactory. There are 
many social wasps that construct nests destitute of any proper 
envelope ; as an example of this, we may mention the species of 

. ^ Himographie de$ soddles, Geneva, 1853-1858, pp. cc. and 856, plates 

i.-zxzvii. 

; VOL. VI * Ol 



Fra. 32.— Neat of (?) Polffhia 
ep. The envelope jiartly 
cut open ; o, entrance. 
(After de ^uaaure.) 
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the abundant genus PolisteH ; these Insects make hexagonal cells, 
of paper-like material, forming an irregular comb, or mass, 
attached to bushes by a stalk near its centre ; these nests are 
placed so that the mouths of the open cells look downwards. 
The species of Ischmgaster (Fig. 34) make layers of comb, con- 
nected by a pedicel, but without any envelope; these Insects 
form a section of Stelocyttares called CTyrniiodomes. 

Most of the nests of the Poecilocyttarcs have only a single 
layer of comb. The wasps of the geiieiu Synoem and Polyhia 
liave the habit of spreading a layer of colls on a leaf, or on the 
bark of a tree, and of covering this with an envelope that is 
pierced by a single orifice only, but that does not rest on the 
cells, and so allows circulation of the Insects betwcjen the cells 
and the envelope. This appears to be the arrangement in a 
nest of Synoeca eyanea preseiwed in the British Musenun; in 
this construction a large layer of cells is moulded on the branch 
of a tree, whose contour, for a length of two or three feet, it con- 
sequently follows ; while outside the mass there is placed a con- 
tinuous envelope, leaving a considerable distance between it and 
the cells. 

It would be impossible in the space at our disposfil to give a 
satisfactory account of all the forms of wasp-nests, and we must 
therefore refer the student to de Saussure’s work, confining 
ourselves to a brief notice of some specially interesting forms. 
The habitiition of the Brazilian Polyhia (^^fyrapetra) scutellaris 
is a very solid, closed structure, covered externally with rough 
knobs or angular projections. Although of very large size — 
it may he upwards of two feet in length — it is suspended from a 
branch, and has but one orifice ; the arrangement of the combs 
in the interior is that of the Phragmocyttares, tliey being 
firmly attached to the outer envelope, and so placed as to form a 
curved surface, the convexity of which is downwards : the number 
of wasps in a well-developed nest of this kind must be very great. 
This species is said to be a honey-gathering wasp. 

One of the best known of the South American wasps' nests is the 
construction (Fig. 33) of Chartergus chartarivs; these nests are so 
regularly shaped, and formed of papier-mache so compact and solid, 
as to look like stone : this edifice is attached in a very firm manner 
to the branch of a tree, and has a single portal of entry beneath ; 
its interior arrangement is much like that of Myrapetra scutdlaria. 
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A very remarkable wasp’s nest is -preserved in the British 
Museum of Natural Histor}' ; jt is considered to be the work of 
Montezumia dimidiata Sauss. an Eumenid 
wasp ; it is a large mass of cells encircling 
tlie branch of a tree, which thei’cfoi’e pro- 
jects somewhat after the manner of an 
axle through the middle: the cells are 
very numerous, and arc quite as regular 
as those of the most perfect of the combs 
of bees : the mass is covered with a very 
thick layer of paper, the nest liaving 
somewhat the external <appearance of half 
a cocoa-nut of twice the usual size. 

Apoica indiida^ a South American 
Insect, foniis a nest in a somewhat similar 
manner to Polistes, but it is covered on 
its outer aspect by a beautiful paper Fw. 33.— Section of nest of 
skin, so that the nest looks somewhat AnieriM. ojeSt 

like a toadstool of large size attached (After de Saussnre.) 
to the branch of a tree. 

The nests of the Insects of the genus Polyhin — which we 
have alre»idy mentioned as located by de Saussnre in his unsatis- 
factory group Toecilocyttares — ^usually have somewhat the form 
and size of pears or apples suspended to twigs of trees or bushes ; 
these little habitations consist of masses of cells, wrap{)ed in 
wasp-paper, in which there are one or more orifices for ingress and 
egress. Smith says that the combs in the nest of P, pygmaea 
are of the most exquisite construction, and that it is by no 
means an uncommon circumstance to find the outer envelope of 
the nest ornamented with patches of delicate hexagonal tracery. 
This nest is about the size of an orange. 

We have already noticed the variety of nests formed by our 
British species of the genus Vespa ; in other parts of the world 
the edifices formed by species of Vespa attain a veiy large size. 
V, crahroniformis in China, and V, velutina in India, make nests 
several feet or even yards in length, inhabited by an enormous 
number of individuals; they are apparently constructed of a 
material like brittle paper, and are arranged much like the 
nests of our British hornet, V. crabro. Vespa orientalis mixes a 
considerable quantity of earth with the paper it uses for its 
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constructive efforta In the British Museum collection there is 
a nest said to be that of the Japanese ^hornet, V.japonica. This 
is completely covered by a paper envelope, and has apparently 
only a single small orifice for ingress and egress. In the same 
collection there is a nest from Bahia (believed to be that of 
:; a social wasp, though of what species is unknown), the outer 
®wall of which is apparently formed entirely of earth, and is a 
quarter or half an inch thick : the comb inside appears also to 
be formed of day, the whole forming an elaborate construction 
in pottery. One is tempted to believe it may prove to be the 
pixxluction of a social Eumenid. . 

Habits of Social Wasps. — We have already briefiy noticed 
the way in which a colony of wasps is founded, but some further 
particulars as to the mode in which the society is increased and 
developed may be mentioned. The queen-wasp makes at first only 
a very small group of three or four incomplete cells ; each cell is at 
first circular, or nearly so, and moreover is of smaller diameter than 
it will afterwards be. In each of the first three or four incomplete 
cells an egg is laid, and more ceUs are commenced ; but as the 
eggs soon hatch and produce larvae that grow rapidly, the laboui's 
of the queen-wasp are chiefly directed to feeding the young. At 
first she supplies them with saccharine matter, which she pro- 
cures from flowers or fruits, but soon gives them a stronger diet 
of insect meat. This is procured by chasing living Insects of 
various kinda Some species of wasps prefer particular kinds of 
Insects, and the hornet is said to be very fond of the honey-bee, bu( 
as a rule Diptera are the prey selected. When an Insect has been 
secured, the hard and innutritions parts are bitten off, and the 
" succulent parts, more especially the thorax which contains chiefly 
muscular tissue, are reduced to a pulp by means of the mandibles; 
this is offered to the larvae, which are said to stretch out their 
heads to the mother to receive the food, after the planner of Nest- 
ling birds. When a larva is full grown it spins a cocoon in the 
cell and changes to a pupa. It is said by some entomologists 
that the queen-wasp closes the cell for the purpose of the ku^l 
metamorphosis ; but this is contradicted by otfiers, and is prob- 
ably erroneous. In about a month, or a little less, from the 
time of deposition of the egg, the perfect Insect is ready for jussue,^ 
and almost immed^tely after leaving its cell ^t. assists in the , 
work that is goipg on for the^ development of the society. The 
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* Inseets produced at this early period of the colony are exclusively 
workers, imperfect females. They relieve the queen of 
the task of supplying the larvae with food, and she henceforth 
remains within the nest, lieing, it is said, herself fed by her 
workers ; the society now rapidly 1001*60808 in numbers, and fresli 
combs are formed, the upper layer being always the oldest. 
About the month of August, cells of larger "size than those thatl^ 
have previously been constructed are formeil, and in' these males 
and perfect females are produccHl ; in a few weeks after this the 
colony languislies aiuV becomes extinct. When it is no longer 
jicssible for the enfeebled wasps to carry out their tasks of fmling 
the brood, they drag the larvae out of the cells and destroy them. 
An uncertain number of cpieeu-wasps seek protected nooks in 
which to pass the winter, and ivich of tliese queens may be the 
founder of a nest in the ensuing spring. It should lie I'emarked 
that de Saussure statess that all the intermediate grades lietween 
perfect and imperfect females exist, and Maichars recent obscura- 
tions confirm this. There is in fact no line of demai'cution 
lietween worker and queen in the wasps os there is in tlie honey- 
bee. Von Siebold long since drew attention to the existence of 
^Hirtheiiogenesis in certain species of wasps, and it appears prob- 
able that it is of common occurrence. 

Our knowledge of the social life of European wasps has 
recently been much increased by the observations of two Frencli 
naturalists, P. Marchal and C. Janet. The latter has given 
. an elaborate histoiy of a nest of tlie hornet, showing the rate 
and Variations of increase in numbers. His oliservations on this 
and. other species indicate that warmth is of the utmost im- 
portance to wasps ; the Insects themselves create a consider- 
able amount of heat, so that the temperature of their abodes is 
much greater than that of the air. He considers that in Europe 
an elevated temperature is essential for the development of the 
individual,^ and that the chief object of the various wrappers of 
j^per with which the Insects surround their nests is to keep 
lip this high' temperature. These envelopes give a great deal 
of trouble to the Insects, for they liave to be repeatedly 

^ * Heiic« probably the great difference in the abundance of wasps in different 

years : if a period of cold weather occur dlufng the early stages of formation of a 
. .wasp family, operations sre suspended and growth delayed ; or death may even 
put an end to the nascent colony. 
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destroyed and reformed, as the combs they contain increase in 
size. Marchal’s observations ^ relate chiefly to the production of 
the sexes and worker-forms, in the subterranean species, Vespa 
germanica and V. vudgaris. The layers of comb include cells of 
two sizes. The upper layers, which are the first formed, consist 
of small cells only : the lower combs are constructed (at Paris)" 
early in August, and consist of larger cells from which males 
and large females are reared. The males are, however, reared 
also in large numbers in the small cells. If the queen l)e re- 
moved, the workers become fertile, and produce parthenogeiietically 
many eggs, but all of the male sex. He entertains no doubt 
that even when the queen is in full vigour the workers produce 
males if there is an abundant food supply. 

The social wasps at present known number 500 or 600 species. 
Polistes is a very extensive genus, and it has also a very wide 
geographical distribution ; some of the species — and those found in 
widely-distant parts of the world — ^are remarkable on account of 
their excessive variation in colour, and it is worthy of note that the 
extreme forms have been more than once taken from the same nest. 

Next to Polistes, Vespa is the most numerous in species, 
about ISO being known, and it is to this genus that all our 
British social wasps belong. No Insects are better known 
in our islands than these wasps, owing to the great numbers 
of individuals that occur in certain seasons, as well as to 
their frequently entering our habitations and partaking of our 
food, and to the teiTor that is occasioned by their supposed 
ferocity and desire to sting. This last feature is a complete 
mistake ; wasps never sting unless they are roused to do so by 
attacks, or by considerable interference with their work. The 
only real danger arises from the fact that a wasp may be occa- 
sionally taken into the mouth with fruit, or may be handled 
unawares. When they are flying about they are perfectly 
harmless unless attacked or irritated, and even if they settle 
on the person no danger of their stinging exists unless move- 
ment is mada Sicbel correctly states that a person may 
station himself close to a wasp’s nest and remain there without 
any risk at all, provided that he makes no movement ; indeed, it 
is more than probable that if no movement, or if only gentle 

' CR. Ac. Paris,, exviit. 1893, p. 584 ; op. eU. exxi. 1895, p. 731 ; Arch. ZooL 
easier. (3) iv. 1896, pp. 1-100. 
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movement, be made, the wasps are unaware of the presence of uii 
intruder. It is, however, well ascertained that if they are 
molested at tlieir work, nioi'C especially when tliey ai*e actually 
engaged in the duties of the nest, they are then extremely vin- 
dictive, and follow for a considerable distance those who have 
irritated them. The East Indian V, vehitiim is specially fierce 
when aroused, and is said by Horne to have followed a party 



Fiq. 34 . — Jwhnogusier mdlyi. Java. A, Female imago (the line at the Hide shows its 
length) ; B, nest, C, maxilla ; D, labium ; E, mandible (tip downwards). 'Hie iicst 
is probably upside down, although shown here as by de Saussiire. 

through dense jungle for miles, and on some occasions to have 
stung animals, and even human beings, to death. 

This vindictiveness is, however, only an exceptional mood due 
to some interference with the colony. Even the hornet, not- 
withstanding its threatening appearance, is harmless unless 
unduly provoked ; its nests and their inhabitants can be kept in 
domesticity, exhibited to strangers, even moved from place to 
place, yet the hornets will not take offence if due gentleness be 
observed. It is said that wasps will rear the progeny of a neigh- 
bour in circumstances where this assistance is necessary. Hess 
has related a case in which a queen-hornet had commenced a nest, 
and was killed by an accident, leaving young brood in the comb 
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unprovided for : as a result many of the helpless grubs died, and 
others were in a state of starvation, when a strange queen-hornet 
appeared, associated itself with the comb, and, adopting the orphan 
br^, nourished them and brought them to their full size. 

We have already alluded to the fact that, so far as external 
structure is concerned, there is no great difierence between thb 
social and the solitary waspa- Both, too, run through analogous 
series of forms and colours, and the genus Ischnogaster (Fig. 34) 
seems to connect the two groups by both its structure and mode 
of life. The social habits are in many species only iuferied, and 
with greater knowledge will probably prove fallacious as a guide 
to classification ; indeed we have already said that in the genus 
Vespa — ^perhaps the most perfectly social of all the wasps — there 

is one species that has no worker, 
and that lives, it is supposed, as 
a parasite, in the nests of its 
congeners. For this species, V. 
austrima, it has been proposed to 
create a separate genus. Pseudo- 
vespa, on account of this peculiarity 
of habit, although no structural 
character has been detected that 
could distinguish it. De Saussure 
has stated his conviction that 
workers do not exist in some of 
the exotic genera, so that it appears 
highly probable that with the pro- 
gress of knowledge the present divi- 
sion between social and solitary 
wasps will prove untenable. 

Bemains of Insects referred to 
WM.sb,--Ma»iri8vespit'ormi8, A, male; the genera PoUstes and Vespa 

B, female. Egypt. (After Schauni.) , ? « i • i. j. 

have been found in tertiary strata 
in various parts of Europe and in North America. 



Fam. 8. Masaridae. 

Anterior vAng with two complete ^uh-im/rginal edls. Antenna^ 
, usually incrassate or clubbed at the extremity. Claws dis* 
tinctly or ohsoletely denteUe, 

This is a group of fifty or sixty species with but few geiiera, 
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and most of its components appear to be Insects of the greatest^ 
rarity. In their appearance the Insects of this Family differ con- 
siderably from the other Diploptera, and as the wings ai-e only 
imperfectly, or not at tdl, plicate, it must be admitted that the 
systematic affinities of the group rei^uim I'econsideration. Tlie 
fitonotal structure is, how’ever, completely that of Diploptera. 
The typical form of the Family, Masaris ves2nfor9nis, tliough 
described a hundred years since, is a si)ecies of such ex- 
treme rarity, and its sexes are so different, that entomologists 
have .rnly recently been able to agree about it. It has been 
found in Egypt and Algeria. The genera Cemmim, Jntjvrihia, 
QucuHenia and Coelonitea are also members of the Mediterranean 
feuna, while Paragia is Australian, and Trimeria South American. 
Several species of the genus Mamris inhabit North Ainerica, and 
Cresson has recently described another 
Masarid genus from the same country, 
under the name of Eu^aragia, 

^ The little that is known of their 
natural history is almost limited to an 
account given by Giraud of the habits of 
Ceramius luaitankus, of which species he 
found a colony near Briamjou. The Insect 
. makes nests in the earth ; they are entered 
by means of a chimney - like passage 
analogous to what is formed by certain 
Odynei'UB ; the galleiy when completed is 
about six centimetres long, and at its 
extremity is an earthen cell in which the 
larva lives ; this is fed by the mother, 
who brings to it from time to time a 
supply of a paste, described us being 



somewhat like dried honey. The growth 
of the larva is believed to be rapid 

Some fragmentary observations made 


Fin. 36. — CellM coiistructerl 
by VodoniUH aljlfreviatva, 
(After Aiuln*.) 


by Lichtenstein on Codonites ahhreviatua have also heeii recorded. 
This species, near Montpellier, constructs earthen cells ; they are 


not, however, subterranean, but are placed side by side on the dry 


stems of plants (Fig. 36); these cells are stored with a material 


similar to that supplied by Ceramius luaitanicu$ to its young. 



CHAPTER III 

IIYMENOPTERA ACULEATA COXTINUED DIVISION III. FOSSORES OR 

FOSSORIAL SOLITARY WASPS FAMILY SCOLIIDAB OR SUBTER- 
RANEAN FOSSOUS FAMILY POMPILIDAE OR RUNNERS FAMILY 

SPHEGIDAE OR PERFECT-STINGERS 

Division III. Fossores. 

Aculeate Hymenoptera, in which the abdomen, though very diverse 
inform, does not bear pro^ninences on the upper aspect of the • 
basal segments ; front wing without longitudinal fold along 
the middle ; hairs of body not plumose. Only two forms 
{male and female) of each species. 

Fossorial Hyiuenoptcra arc distinguished from other Aculeates 
at pi'esent only by negative characters, i.e. they are Aculeates, 
but are not ants, bees or wasps. According to their habits they 
fall into four, by no means shai’ply distinguished, groups — (1) 
those that form no special receptacles for their young, but are 
either of parasitic or sub-parasitic habits, or take advantage of 
the abodes of other Insects, holes, etc. ; (2) constructors of cells 
of clay formed into pottery by the saliva of the Insect, and by 
drying ; (3) excavators of burrows in the ground ; (4) makers of 
tunnels in wood or stems of plants. Several species make use 
of both of the last two methods. The habits are carnivorous ; 
the structures formed are not for the benefit of the makers, but 
are constructed and stored with food for the next generation. 
Their remarkable habits attracted some attention even 2000 
years or more ago, and were to some extent observed by Aristotle. 
The great variety in the habits of the species, the extreme 
industry, skill, and self-denial they display in carrying out their 
voluntary labours, render them one of the most instructive groups 
of the animal kingdom. There are no social or gregarious 
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forms, they are true individualists, and their lives and iustincts 
offer many subjects for reflection. Unlike the social Insects they 
can learn nothing whatever from either example or precept. 
The skill of each individual is prompted by no imitation. The 
lif^ is short, the later stages of the individual life are totally 
different from the earlier: the individuals of one generation 
only in rare cases see even the commencement of the life of the 
next ; the progeny, for the benefit of which they labour with 



Fio. 37 . — Scdiphton nigripea 9 (Sub*Fam. Sphegidoa). Amazous. x 


tinaurpassable skill and industry, being unknown to them. Were 
such a solicitude displayed by ourselves we should connect it 
with a high sense of duty, and poets and moralists would vie in 
its laudation. But having dubbed ourselves the higher animals, 
we ascribe the eagerness of the solitary wasp to impulse or 
instinct, and we exterminate their numerous species from the face 
of the earth for ever, without even seeking to make a prior ac- 
quaintance with them. Meanwhile our economists and moralists 
devote their volumes to admiration of the progress of the civilisa- 
tion that effects this destruction and tolemtes this negligence. 
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It should be noted that in the solitary as in the social Insects 
the males take no part whatever in these industrial occupations, 
and apparently are even unaware of them. ^ It is remarkable 
that, notwithstanding this, the sexual differences are in the 
majority less than is usual in Insects. It is true that the various 
forms of Scoliidae exhibit sexual distinctions which, in the c^ 
of Thynnides and Mutillides ore carried to an extreme degree, 
but these are precisely the forms in which skill and ingenuity are 
comparatively absent, the habits being rather of the parasitic 
than of the industrial kind, while the structure is what is 
usually called degraded {i.e. wingless). The great difference 
between the habits of the sexes, coupled with the fact that there 
is little or no difference in their appearance, has given rise to a 
curious Chinese tradition with regard to these Insects, dating 
back to Confucius at least.^ The habit of stinging and storing 
caterpillars in a cell, from which a fly similar to itself afterwards 
proceeds having been noticed, it was supposed to be the male that^ 
performed these operations ; and that when burying the cater- . 
pillars he addressed to them a spell, the burden of which is 
“ mimic me.” In obedience the cateipillars produce the wasp, 
which is called to this day **Jiga,” that is in Englisli “mimic 
me.” The idea was probably to the effect that the supposititious 
male, not being able to produce eggs, used charmed caterpillars 
to continue the species. 


Summary of the Prey of Fossores. 


Group of Fosaorea. 

Fain. Scoliidae. 

Sub-Fam. Mutillides . . 

„ Thynnides . . 

„ Scoliides . . . 

„ Rhopalosoniides. 
„ Sapygides . . 

Fam. Pompilidae . . . . 

Fam. Sphegidae. 

Sub-Fam. Sphegides . . 


Food or Occurrence. 

As parasites on Hymehoptera Aculeata. 

(Q Parasites on Lepidopterous pupae. 

Larvae of Ooleoptera [(1) spiders in the case of 
Elis -noto(a]. 

Unknown. 

The provisions stored by bees. Caterpillars 
(teste Smith). 

Spiders. Rarely Orthopten^ (Qryllidae and 
Blattidae, teste Bingham) or Coleoptei^' 

( Orthoptera (especially Locustidae)^ larvae 
of Lepidoptera, Spiders [(t) same specie ' 
(Sceliphron madraspatanum and Sphsx 
coendeus)^ both spiders and eate^illaxs].' 


■( 


^ Kiunagusu Minaksta, in Edlure, 1. 1894, p. 80. 
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GroapofFoBsorea. 

Fam. Sphegidae. 

Sub-Fam. Ampnlicidea . 
,, Lamdes . . 


Food or Occurrence. 


9 * 

9 * 


Orth<»pteTa (Blattidae only). 

Orthoptera of various divisions. Aculeate 
Hymcnoptera, in the cose of Palanut, 
[Spiders stolen from nests of Pel^em by 
Lnirada,] 

Trypoxylonides . Spiders, caterpillars, Aphidae. 

Aslata hoops uses Pentatomid bugs, cockroaches, 
and even Aculeate Hymenoptera {Oxybehis^ 
teste Smith). * 

Diptera and Cimh, 

Diptera, Homoptera (Gorytes mystaceus takes 
Apihro})kora out of its “cuckoo-spit ”). 
Aculeate Hymenoptera (Philanthus). Hard 
beetles, viz. Curculionidoc, Buprestiilae, 
Chrysoinclidoe (Cerems), 

Small Homoptera, even Aphidae. Diptera 
(Tipulidae) in Hawaii. 

Diptera, Aphidae [? the same species of wasps 
both of these]. Other small Homoptera. 
Ants (in the case of Fertonius), Parasitic 
optera (in the cose of Lindenius), 


Astatides , 


Bembecides . 
Nyssonides . 

Philanthides . 


Mimesides 


Crakronid^s 


Great diversity of opinion exists as to the ckssifiention of tlio 
Fossores. This arises chiefly from the incomplete state of tlie 
collections studied, and from the fact that the larger part of the 
works published are limited to local faunae. Opinions as to the 
families vary ; some admitting only three or four, others upwards 
of twenty. After consideration of the various views, the writer 
thinks it best to admit at present only three families, which 
speaking broadly, correspond with habits, viz. (1) Scoliidae, 
subterranean stingers; (2) Pompilidae, runners; (3) Sphegidae, 
stingers above ground. 

1. Scoliidaa Pronotum and tegulae m contact Abdomen with the 
' plane of the ventral aorface interrupted by a chink between the 

first and second segments. Numerous wingless forms. 

2. Pompilidae. Pronotum and tegulae in contact Abdomen with the 

plane of the ventral surface not interrupted by a chink. Legs 
very long. No ^ngless forms. 

3. Sphegidae. Pronotum, and tegulae not in contact. No wingless 
- - forms. 

We shall treat as sub-families those divisions of Scoliidae and 
Sphegidae considered by many as families. 
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Fam. 1. Scoliidae. 

The members of this family, so far as is known, display less 
perfect instincts than the Sphegidae and Fompilidae, and dp not 
construct cells or form burrows. Information as to the habits is 
almost confined to European forms. We adopt five sub-families.. 

Sub-Fam. 1. Hntillides. — The eidee of the pronotum reach the 
tegidae : the female is destitute of wings and ocelli, 

' frequently hamng the parts of the thorax so closely soldered 
that the divisions hetween them are ohliterated : the males are 
winged, f urnished with ocelli, ami having the thoracic divisions 
distinct ; intermediate tibiae with two apical spurs. Front 
wing with two or three suh-marginal cells. The larvae live 
parasitically at the expense of other Hymenoptera Aculeata, 

The Mutillides have some resemblance to ants, though, as 
they arc usually covered with hair, and there is never any node 
at the base of the abdomen, they are readily distinguished from ^ 
the Formicidae. The great difference between the sexes is their 
most striking character. Their system of coloration is often 
very remarkable, the velvet-like pubescence clothing their bodies 
being variegated with patches of sharply contrasted vivid colour ; 
in other aises the contrast of colour is due to bare, ivory-like 
spaces. They have the faculty of stridulating, the position and 
nature of the organ for the purpose being the same as in ants. 

Very little exact information exists as to the habits and life- 
histories of the species. Christ and Drewsen, forty or fifty years 
ago, recorded that M, europaea lives in the nests of bees of the 
genus Bomhus, and Hoffer has since made some observations on the 
natural history of the same species in South East Europe, where 
this Mutilla is found in the nests of ten or eleven species of 
Bombus, being most abundant in those of B, agrorum, and B, 
variaMlls; oceasionally more individuals of Mutilla than of bees 
may bo found in a nest. He supposes that the egg of the 
Mutilla is placed in the young larva of the Bombus, and hatches 
in about three days ; the larva feeds inside the bee-larva, and 
when growth is completed a cocoon is spun in the interior ot 
the pupa -case of the bee. When the perfect Insects emerge, 
the males leave the nest very speedily, but the females remain 
for some time feeding on the bees’ honey. Females ate usually 
produced in greater numbers than males. This account leaves 
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much to be desired. From the observations of lladoszkowsky 
it is clear that other species of Mutillides are by no means 
confined to the nests of Bomhxis but live at the expense of 
Aculeate Hymenoptera of various groups. This naturalist asserts 
that the basal abdominal segment of the parasite resembles in 
fdrm that of the species on which it preys. 

The apterous condition of the females of Mutillides and 
Thynnides is very anomalous in the Fossors ; this sex being in 
the other families distinguished for activity and intelligence. 
The difference between the sexes is also highly remarkable. The 
males differ from the females by the possession of wings and by the 
structural characters we have mentioned, and also in a most striking 



Fig. 38 . — Mutilla stridula, Europe. A, Male ; B, female. 


manner in both colour and form ; Burmeister, indeed, says that in 
South America — the metropolis of Mutillides — there is not a single 
species in which the males and females are alike in appearanci^. ; this 
<lifference becomes in some cases so extreme that the two sexes of 
one species have been described as Insects of different families. 

Upwards of one thousand species are assigned to the genus 
MtUiliat wliich is distributed over the larger part of the worhl ; 
there is so much difference in these species as to the nervuration 
of the wings in the males, tliat several genera would l)e formed 
for them were it not. that no corresponding distinctions can be 
detected in the femalea Three or four species of MiUilla are 
described as being apterous in the male as well as in the 
female sex ; they are very rare, and little is known about them. 
Only three species of Mutillides occur in Britain, and they are 
but rarely seen, except by those who are acquainted with their 


96 


HYMENOPTERA 


CHAP. 


habits. The African and East Indian genus, Apterogyna, includes 
some extremely peculiar Hymenoptera ; the males have the wing 
nervunition very much reduced, and the females are very ant-like 
owing to the deep constriction behind the first abdominal ring. 

Bub-Fam. 2. Thynnides. — Males and females very different in , 
form ; the male winged, the front wing with three, or only 
koo, snh-marginal cells ; the female wingless and with the 
thorax divided into three s^-equal parts. 

The Thynnides are by some entomologists not separated from 

theMutillides; but 
the distinction in 
the structure of 
the thorax of the 
females is very 
striking. In the 
Thynnides the 
nervuration of the 
wing appears 
always to extend 
to the outer 
W A margin, and in the 

Mutillides not to 

Fm. 39 . — Methoca iehneumonidea. A, Mole ; B, female. This family 

is represented in 

Britain by a single very rare Insect, Methoca ichneumonides : to • 
the imskilled observer the female would appear to be without 
doubt an ant. This Insect is by some considered as the type 
of a family distinct from the Thynnides proper. Thynnides are 
numerous in Australia. Very little is really known as to their 
habits, though it has been stated tliat they are parasitic on 
liCpidoptera, Bakewell having obtained specimens from sub- 
terranean cocoons of that Order. Those who are interested in 
differences between the sexes of one species should examine the 
extraordinary examples of that phenomenon presented- by the 
Thynnides ; the dissimilarity throughout the group — ^which is 
now of considerable extent — ^being so extreme that no ento- 
mologist would from simple inspection believe the two sexes 
to have -any conn^tion; but the tset that they are so con- 
nected has been demonstrated beyqnd doubt. In very few 
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cases, however, have the sexes been matched, so that at present 
males are no doubt standing in the lists of Hymenopteru as one 
species and their females as other species. 

Snb-Fam. 3. Scoliides. — Pronoium reachintf hack to the tcgulae ; 
• legs stout ; intermediate tibiae with one apical spur ; both 
sexes wiriged ; the ncrvures not extending to the postcHor 
(i.e. distal) margin. 

This group includes some of the largest and most powerful of 
the Aculeate Hymenoptera. Its members are usually hairy 
Insects with thick legs, 
the colour being black, 
more or less variegated 
with bands or spots of 
red or yellow ; the hind 
body is elongate, has 
only a very short pedi- 
cel, and in the male 
is usually termin- 
ated by three project- 
ing spines. The pro- 
uotum is of variable 
dimensions, but its trout Fiu. 40 . — Scolia haetnorohoidafis 9. Kuropc. 

angles are always co- 
adapted with the points of insertion of the front wings. The 
nervuration of the front wings is confined to the basal part, the 
extensive apical or outer area possessing no nervures. There is 
frequently a great differeiuxs in the size of the two sexes of the same 
spexiies, the female being very much larger than the other sex. The 
larvae, so far as is known, devour those of Lamellicorn Coleoptcra. 

Fabre has investigated the habits of some of the species of 
Scoliides found in France, and has informed us that their means 
of subsistence consists of larvae of the larger Lamellicorn beetles, 
Cetonia, Oryctes, Anoxia^ and Emhlora; these beetles belong to 
very different divisions of the Lamellicornia, but they have in 
qommon the fact that their larvae are of subterranean habits, 
living in the earth or in accumulations of debris in which there 
is a large proportion of vegetable matter or roots. The female 
Scolia penetrates into the ground in order to find the Lamellicorn 
larvae necessary as food for its progeny. Scolia bifasciata 
VOL. VI H 
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attacks the larvae of several species of Cetonia, and S. (Colpa) 
interrupta chooses the larvae of the chafers Anoam vUlom and 
A. matutinalia. The mother Seolia enters the ground in August 
or September^ and having found a suitable larva stings it and 
deposits an egg on the ventral surface of the prey ; the paralysed 
larva is left where it was found, no attempt being made to pldbe 
it in a special receptacla The egg is placed on the ventral ■ 
surface, well behind the feet, under a mass of matter in the 
alimentary canal. Shortly after being hatched the young 
destroyer penetrates with its head the skin of the victim, and in 
this position commences to feed ; it is necessary that it should 
obtain its food without killing the Cetonia larva, for it cannot 
prosper on decaying food, so that if the Cetonia larva die the 
Seolia larva likewise perishes; the latter, accordingly, does 
not withdraw its head from the interior of the victim, but 
remains always in the same position, as it grows larger extending 
its head forwards into the front part of the interior of its victim ; 
the internal organs of the latter are consumed in a systematic^ 
order so as to delay bringing about its death till the last moment, 
and thus all the interior of the Cetonia larva is appropriated till 
nothing remains but an empty skin. By a series of experiments, 
Fabre showed how essential it is that this apparently revolting 
operation should be carried on with all details strictly en rhgle. 
If the head of the Seolia larva be taken out from the victim and 
applied to another part of the body of the Cetonia, the result is 
that it cannot eat ; even if it be replaced in the original situa- 
tion, after being taken away, it frequently happens that the 
Cetonia larva dies, its death involving also that of the destroyer. 
It is necessary, too, that the victim should be paralysed, for if an 
intact Cetonia larva be taken and bound down in such a position 
that it cannot move, and if a small orifice in its skin be made in 
the proper spot and a young Seolia larva be placed on it, the 
little parasite will avail itself of the opportunity and commence 
to feed on the larva provided for it, but the latter will speedily 
die, and the Sedia necessarily perishes with it. Thus both the 
paralysis of the victim and the special mode of eating are essenti^ 
to the life of the Seolia, . The operation of stinging the larva . 
as to produce the necessary paralysis, or rather insensibility, is a 
difficult one, and requires great skill and patience. The Cdonia 
larva is of large i^, and must be pierced in one particular spot ; ^ 
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in order to reach this the Seolia mounts on its victim, and is 
frequently dislodged by its struggles ; sooner or later, however, 
the proper position is obtained by the wasp, and the larva is 
then stung in the exact spot necessary to allow the sting (and the 
]^&on introduced by it) to reach the most important of the 
nervous ganglia that control the movements of the body, this spot 
1)eing, in the case of the Cetonia^ the line of demarcation between 
the pro- and meso-thorax, on the middle line of the ventral 
surface of the body. The Scoliu gives but one sting to the 
victim, and this it will not administer until it can do so exactly 
in the* proper place. This practice of devouring the victim 
slowly, without killing it till all is eaten, is very widely spread in 
the Hymenoptem, and it is satisfactory to iind that we may infer 
from Fabre’s observations that it is not so horrible as it 
would at first appear; for it is probable that the stinging 
prevents decomposition of the victim, not by reason, as some have 
^ supposed, of the poison injected by the wasp having an antiseptic 
effect, but rather by means of destroying sensibility, so that the 
creature does not die from the pain, as it is Ixdieved it did in 
certain cases where Fabre induced the young Seolia larva to feed 
on a victim that had not been stung. We may. here remark 
that very little exact information exists as to the operation of 
stinging. Fabre attaches great importance to the sting being 
inflicted on a nerve -ganglion. Whether a sting that did not 
reach this part might not have a sutlicient effect appears, how- 
ever, doubtful.^ 

A remarkable form, of Scoliides, with wings of smaller size 
than usual and deeply divided, has been described by Saunders 
under the name P%eud(ymri^ graeca. Still more remarkable is 
Komarovia victoriom found in Central Asia ; in this Insect the 
male retains the appearance of a slender, pallid Seolia, but the 
. female differs totally in form, and has the peculiar wings so re- 
duced in size as to be useless for flight. . 

Sub-Fam. 4. Sapygides. — Closely allied to the Scoliides, but pos-^ 
sessing slender legs and antennae ; also the first abdominal 
segment is less disconnected from the second, so that the outline 

^ As this work is passing through the press we receive a book by Mr. and Mrs. 
Peekham on The InstincU and HabUe ef the Solitary Waepe, Madison, 1898. 
They are of opinion that, in the case of some species, it does not matter mpeh 
whether the victim is or is not killed by the stinging. 
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18 less interrupted ; the eyes are deeply emarginate ; the hind 
body is not spinose at the apex. 

The economy of Sapyga, the only genus, has been the subject 
of difiference of opinion. The views 
of Latreille and others that these 
species are parasitic upon bees is 
confirmed by the observations of 
Fabre, from which it appears that 
S. S-punctaia lives in the burrows 
of species of the bee-genus Osmza, 
consuming the store of provisions, 
consisting of honey-paste, that the 
bee has laid up for its young. Ac- 
Fiii. il.SapygaS-punctuia Cording to the same distinguished 
Bntoiii. observer, the Sapyga larva exhibits 

hyperinetamorphosis (i.e. two consecutive forms), and in its young 
state destroys the egg of the bee ; but his observations on this point ' 
are incomplete and need 
repetition. We have two 
species of Sapyga in 
Britain; they difier in 
colour, and the sexes of 
8. 6~punctata also difier 
in this respect ; tlic 
abdomen, spotted with 
white in both sexes, is 
in the female variegate 
with red. Smith found 
our British Sapyga 5- 
punctata carrying cater- 
pillars. 

Snb-Fam. 5. Bhopalo- 
SOmides. — Antennae 
elongate^ spinigerous ; Fig. 42. — Rhopaloawim poeyi. A, female imago ; 
oeklli very prominent; B,ft,ntofh«d. Cub.. (After w«twood.) 

tarsi of peculiar structure, their claws hijid. 

This sub-family has recently been proposed by Ashmead ^ for 
^ P. ent. Soc. Washington, iii. 1896, p. 303. 
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an extremely rare American Insect that had previously been placed 
by Cresson among parasitic Hymenoptera. Westwood classed 
Rhopaloaoma among Diploptera, saying of it ** animal ipioad 
aflinitates excrucians.” We reproduce Westwood's figui'e, but not 
being acquainted with the Insect we can express no opinion as to 
whether it is allied to the Scoliidae or to the Sphegidae. The 
habits are, we believe, quite unknown. 

Fam. 2. Pompilidae. 

Pronotum at the sides reachintj the teijidae ; hind body never 
definitely pedicellate, thouyh the first seyment is sometimes 
elongate and conical; hind leys long ; eyes elliptic in form, 
not emaryinate. 

The Pompilidae are perhaps the most extensive and important 
of the groups of Fossores, and are distributed over all the lands of 
the globe, with the exception of some islands and of the inclement 
arctic regions. The sting of the Pompilidae, unlike that of most 
of the Fossores, inflicts a burning and painful wound; the creatures 
sometimes attain a length of two or three inches, and a sting from 
one of these giants may have serious results. Although there is 
considerable variety in the externfil form of the members of the 
group, the characters given above will enable a Pompilid to be 
recognised with approximate certainty. The elongation of the 
hind legs includes all the parts, so that while the femur extends 
nearly as tar back as the exti’emity of the body — in dried 
examples at any rate — the tibiae and the long tarsi extend far 
beyond it ; thus these Insects have gieat powers of running ; they 
are indeed remarkable for extreme activity and vivacity. They 
may frequently be seen running rapidly on the surface of tlie 
ground, with quivering wings and vibrating antennae, and 
are probably then employed in the search for prey, or some other 
of the operations connected with providing a store of food for 
their young. Spiders appear to be their special, if not their only, 
prey. Several authors have recorded details as to the various 
ways in which the prey is attacked. Fabre has observed the 
habits of several species, and we select his account of the modus 
operandi of species of the genera Pompilus and CaUcurgus, in 
their attacks on poisonous spiders that inhabit holes in the 
ground or in walls. The wasp goes to the mouth of the spider's 
burrow, and the latter then dashes to the entry, apparently 




102/ " HYMENOjrfeJLA CHkf. 

enraged at* the audacity of its persecutor. The Calieurgus will 
not actually enter a burrow when there is a spider in it, 
because if it did so the spider would speedily dispose of the 
aggressor by the aid of its poisonous fangs. The CcdicUrgus, 
therefore, has recourse to strategy with the object of getting 
the spider out of its nest ; the wasp seizes its redoubtable 

foe by one foot and pulls; 
probably it fails to extract 
the spider, and in that case 
rapidly passes to another 
burrow to repeat its tactics ; 
sooner or later a spider is 
in some moment of inatten- 
tion or incapacity . dragged 
from its stronghold, and, 
being then comparatively 
helpless, feels itself at a , 
disadvantage and offers but a 
feeble resistance to the wasp, 
which now pounces on its 
body and immediately in- 

Tia.ii.-Caiic^T 9 u,Kyciin^us<i. Britain. a sting between the 

fangs of the foe, and thus 
at once paralyses these dangerous weapons ; thereafter it stings 
the body of the spider near to the junction of the abdomen and 
cephalothorax, and so produces complete inactivity. Having 
secured its prey, the wasp then seeks a suitable hole in which 
to deposit it; probably an empty burrow of a spider is selected 
for the purpose, and it may be at a height of several feet in a 
wall ; the Hymenopteron, walking backwards, drags its heavy 
prey up the wall to bring it to the den. When this is accom- 
plished an egg is deposited on the spider, and the wasp goes 
in search of a fragment or two of mortar, vrith which the mouth 
of the burrow is finally blocked. Fabre’s accounts refer to the 
habits of several species, and give a good insight into some points^ 
of the instincts of both the spider and the wasp. It seems that a 
sense of superiority is produced in one or other of the foes, accord- 
ing as it feels itself in suitable conditions ; so that though a spider 
odt of its burrow and on the ground is speedily vanquished by the 
Pompilid, yet if the two be confined together in a vase, both are 
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shj and inclined to adopt defensive or even evasive tactics, the 
result probably being that the wasp will be killed by the spider 
during the night, that being ^ the period in which the attacking 
powers of the spider ai'e more usually brought into play. ^ 

^ It seems to be the habit of "some PompUua to procure a victim 
tefoie they have secured a place for its reception ; and Fabre took 
advantage of this fact, and made very interesting obseiTutions on 
some points of the instinct of these wasps. Having found a 
PompUus that, after having caught a spider and paralysed it, 
was engaged in making a retreat for its reception, he abstracted 
the booty, which was deposited at the top of a small tuft of 
vegetation near to where the PompUus was at work. In tliis 
case the burrow in course of preparation was subterranean, and 
was formed by the PompUus itself, which therefore could not, 
w'hile it was engaged underground, see what took place near it. 
It is the habit of the wasp to leave its work of excavation from 
time to time, and to visit the prey as if to assure itself of the 
safety of this object, and to enjoy the satisfaction of touching it 
with the mouth and palpiug it. Desirous of testing the wasp’s 
memory of locality, Fabre took the opportunity, while the Insect 
was working at the formation of its burrow, of removing, as we 
have said, the booty from the place where it had been deposited, 
and putting it in another spot some half-yard off. In a short 
time the PompUus suspended work and went straight to the spot 
where it had deposited its property, and finding this absent, 
entered on a series of marches, counter-marches, and circles round 
the spot where it had left the prey, as if quite sure that 
this was really the place where the desired object ought to\e. 
At last convinced that the paralysed prey was no longer where 
it had been placed, the PompUus made investigations at a greater 
distance and soon discovered the spider. Fabre recounts that its 
movements then appeared to indicate astonishment at the change 
of position that it thus ascertained to have occurred. The wasp, 
however, soon satisfied itself that this was really the very 
object it was seeking, and seizing the spider by the leg slightly 
altered its position by placing it on the summit of a small tuft 
of Vegetation; this latter proceeding being apparently always 
carried out by this species of PompUus, Then it returned to its 
excavation, and Fabre again removed the spider to a third spot ; 
the wasp when it next rested from its work made its way 
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immediately to the second spot, where it had last left the spider, 
thus showing that it possessed an accurate memory for locality ; 
the wasp was very much surprised at the absence of the valued 
prize and persisted in seeking it in the immediate vicinity with- 
out once returning to the place where it had been first located 
Fabre repeated this manoeuvre five times, and the Pompilus 
invariably returned at once to the spot where it had last left its 
prey. The acute memory for localities displayed by this Insect 
seems to be more or less general throughout the Aculeate 
Hymenoptera, and is of very great importance to them. The 
power of finding the object appears to depend on sight, for when 
Fabre, after removing the spider to a fresh spot, made a slight 
depression in the ground, placed the spider in it and covered it 
over with a leaf, the wasp did not find it. At the same time, the 
Insect’s sight must be a very different sense from our own, for the 
wasp, when seeking its lost booty, frequently passed within a couple 
of inches of it without perceiving it, though it was not concealed. 

Belt gives an example of the habits of the Mexican Pompilua 
poliatoidea. He noticed it, when hunting for spiders, make a dart 
at a web in the centre of which a spider was stationed ; by this 
movement the creature was frightened and fell to the ground, 
where it was seized by tlic wasp and stung. The Pompilm then 
dragged its prisoner up a tree and afterwards fiew off with it, 
the burden being probably too heavy for conveyance to the nest 
without the vantage of an elevation to start from. 

Several modifications adopted by Pompilidae in their mode of 
stinging their spider-victims have been recorded by Ferton ; these' 
we' cannot allude to in detail, but will nevertheless mention that 
one species stings the body of its spider-prey at random, and 
that in other cases it would appear that the paralysis of the 
spider is evanescent. In short, there are various degr^s of 
perfection in the details of the art of stinging. 

The most remarkable of the fonns of Pompilidae are the 
numerous species of Pepsia, a genus peculiar to America, whence 
upwards of 200 species are already known.^ Some of them 
attain a length of two inches or more, and are able to conquer 
the largest spiders; even* the formidable My gale amcidaris 
succumbs to their agility and skiE Some of these Pepaia have 
beautifully coloured wings ; according to Camieron, this may be 
' Monograph by Lucas, Berlin enf. ZeUaehr. znix. 1894. 
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due to settles. P.formosus, Say, is called in Texas the tarantula- 
killer; according to Buckley, its mode of attack on the huge 
spider is different from that made use of by its European ally. 
When it discovers a tarantula it flies “in circles in the air, 
around its victim. The spider, as if knowing its fate, stands up 
aiid makes a show of fighting, but the resistance is very feeble 
and of no avail. The spider’s foe soon discovers a favourable 
moment and darts upon the tarantula, whom it wounds with its 
sting, and again commences flying in circles.” The natural 
retreat of this huge spider, Mygale hentzii, is in holes in the 
ground, and this account does not inform us whether the spider 
allows itself to be overcome when in its nest, or is only attacked 
when out of its retreat. 

The genus Mygnimia includes a very large number of species, 
and has a wider geographiail distribution than PepsiSy 1)eing 
found in the tropical regions of both the Old and New Worlds, 
some of them rivalling in size and ferocity the. larger spcKrimens 
* of the genus Pepais, In the Insects of this genus there is usually 
a more or less distinct small space of more xmllid colour on the 
middle of each front wing. Parapompilm is a curious genus 
consisting of Insects of a gimt variety of peculiar coloration, 
and having the wings short, so as to be of little use for flight. 
jP. gravmi is an inhabitant of Chili. 

Agenia carhonaria and A. hyalipenma are small and feeble 
Insects inliabiting the south of Europe. A, carhonaria extends to 
the south of England. They construct, as nests for their offspring, 
small earthenware vessels, differing in form according to tlie 
species, those of A. hyalipennia being vase-like in shape, wliile 
those of A, carhonaria are contracted near the mouth, something 
after the fashion of a wide-mouthed bottle. The Insect is able 
by some means — Fabre thinks by the use of saliva — to varnish 
the interior of the vessel so that it will not absorb water*, the 
outside of the cells is, however, not so protected, and speedily 
crumbles away when exposed to the action of water ; hence the 
vessel is placed in a protected situation, such as in a tree-stump, 
or a hole in a wall, or even in an empty snail-shell under a heap 
of stones. The cells are stored with spiders that have been 
paralysed by stinging and that serve as food for the larva of the 
Agenia. The larva of A. carhonaria has been described, and 
some particulars as to its habits have been given by Verhoeff. 
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It has beein stated that this wasp does not paralyse its prey 
by stinging, but substitutes a process of biting to prevent the 
spider from hurting the larva that is to feed on it ; and Verhoeff’s 
observations seem to show that the legs of the spider are broken 
by some proceeding, of the kind. The Agenia larva is of peculiar 
shape, the head not being indexed, while the pleurae of each 
segment, from the second onwards, are prominent, so as to give' 
the outline of the body a scalloped appearance. This larva is 
much infested by an Ichneumon that devours, it appears, not 
only the larva itself, but also the spider that was destined to be 
food for the larva. Yerhoeff seems to have found some evidence 
that Pompilus may also be a parasite on the Agenia, 

The construction of earthenware cells, instead of the burrows 
usual in Fompilidae, by the species of. this genus is one of the 
eases alluded to in our introductory remarks as to allied Fossores 
exhibiting different habits. Mr. Pride has recently sent us from 
Brazil similar earthen vessels constructed by some Pompilid. ^ 
The habits of Pompilids of the genus Ceropales arc analogous to 
those of the parasitic bees. P4rez has recently given us information 
as to a very curious form of parasitism in this genus ; he says that 
when a Pompilus has obtained a spider as provision for its young, 
it is pursued by a Ceropales, which lays an egg on the spider, thus 
as it were substituting in advance its own young for that of the 
Pompilus, Information as to the subsequent course of events in 
this case is not at present forthcoming. In another case a. 
Ceropales was observed to oviposit on the spider, not while this 
is being carried in, but subsequently by entering the nest for the 
: purpose; a habiti quite similar to that of some parasitic bees. 
Ferton has recently made the unexpected discovery that some 
Pompiius act as robbers ; one individual taking away by force the 
spider that another has captured and is carrying off. 

Lichtenstein described a Pompilid larva, that he afterwards 
ascertained to be Calicurgus hyalinatv^ as possessing the extra- 
ordinary habit of feeding as an external parasite fixed to the^ 
dorsal surface of a spider ; thus repeating, it would appear, the 
habits of some of the Ichnemonidae, though the perfect insect 
(Fig. 143) does not differ in structure from its congeners. 
Emery has given an account of some Pompilids that do not 
bury their prey, but affer stinging it and depositing an egg, 
simply leave the spider on the spot. 
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Buller has described the habits of a Fompilid in New Zealand ; 
his account is interesting bec^upe it shows a remarkable similarity 
in the proceedings of this antipodean wasp to those of its con- 
geners on our own side of the world. The species is not 
s^entifically named, but it appears that it is known in* New 
Zealand as “the Mason-bce.’* It forms a nest of yellow clay 
consisting apparently of about eight cells, each of which is filled 
with one or more spiders in a paralysed condition. The figure 
given of the larva of this Insect by Buller shows it to possess^ a 
peculiarly formed head. 

It is pleasing to find that Pompilidae do not make use of cruel 
methods when others will serve their purpose. We ai'e informed 
that a large Australian Fompilid — Priocnemia bicolor — may find 
a Cicada sucking sap from a hole it has pierced in a tree. The 
Priocnemia has not the art of making the puncture necessary to 
procure sap, so the wasp seisses the Cicada^ and shakes it till 
• it leaves its hold and flies away, when the Pnocnemia takes its 
place and sips the sap. It is added that the was^) never hurts 
the Cicada, 

Fam. 3. Sphegidae. 

Protiotum free from the tegulae; when the atigmatic lohea extend aa 
far hack aa the wing-inaertion^ they are placed heUm it and 
aeparated by a apace from it. 

This large assemblage of Fossores is the one about which the 
greatest difference of opinion prevails! It is based entirely on 
the prothoracic characters mentioned above, and cannot be looked 
on as natural We shall. However, follow Kohl ^ in treating for 
the present as only one family the divisions considered by many 
as distinct families. They are ten in number. 

Sub-Fam. 1. Sphegides. — Hind body with a alender pedicel of 
variahle length ; two apura on the middle tibia. The pro- 
podeum usually horizontally elongate,^ 

This group includes a great number of sp^ies, about 200 of 
'which are referred to the genus Sphex. 

1 »Die Gattongen der Sphegiden,” Ann, Hofmn$. Wien, xi. 1896, pp. 288-596. 
Seven plates. 

* We will take this opportunity of correcting an error in the explanation of Fig^ 
888 of the preceding volume, showing the propodeum, etc. of Sphex ehryeia, f points 
to a divisipn of the mesonotum, not of the metanotum, as there stated. 


408 HYMENOPTERA ' CHA?r 

The habits of one species of this genus have been fully de- 
scribed by Fabre ; he assigns to the species the name of S. flavi- 
pennia, but Kohl considers that it is more probably S. majmllosua. 
This Insect forms its nests, in the South of France, in the ground, 
excavating a main shaft \^ith which are connected cells intended 
for the reception of the provisions for the young. The entrance 
to the burrow is formed by piercing a hole in the side of a very 
slight elevation of the soil. Thus the entrance to the construc- 
tion consists of a horizontal gallery, playing the part of a vesti- 
bule, and this is used by the Sphex as a place of retreat and 
shelter for itself ; at the end of the vestibule, which may be two 
or three inches long, the excavation takes an abrupt turn down- 
wards, extending in this manner another two or three inches, 
and terminating in an oval cell the larger diameter of which is 
situate in a horizontal plane. When this first cell has been com- 
pleted, stored with food, and an egg laid in it, the entrance to 
it is blocked up, and another similar cell is formed on one side ; 
a third and sometimes a fourth are afterwards made and pro- 
visioned, then the Insect commences anew, and a fresh tunnel is 
formed ; ten such constructions being the number usually prepared 
by each wasp. The Insect works with extreme energy, and as 
the period of its constructive activity endures only about a month, 
it can give but two or three days to the construction and pro- 
visioning of each of its ten subterranean worka The provisions, 
according to Fabre, consist of a large species of field-cricket, of 
which three or four individuals are placed in each cell. Kohl 
states, however, that in Eastern Europe an Insect that he 
considers to be the same species as Fabre’s Sphex, makes use of 
locusts as provisions, and he thinks that the habit may vary 
according to the locality or to the species of Orthoptera that 
may be available in the neighbourhood. However that may 
be, it is clear from Fabre’s account that this part of ^the 
Sphex' s duties do not give rise to much difficulty. The cricket, 
having been caught, is paralysed so that it may not by its 
movements destroy the young larva for whose benefit it is 
destiii^. The Sphex then canies it to the burrow to store it in 
one of the cells; before entering the cell the Insect is in the 
habit of depositing its prey on the ground, then of turning round, 
entering the burrow backwards, seizing as it does so the cricket 
by the antennae, and so dragging it into the cell, itself going back- 
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wards. The habit of depositing its prey on the ground enabled 
Fabre to observe the process of stinging; this he did by himself 
capturing a cricket, and when the wasp had momentarily quitted 
its prey, substituting the sound cricket for the paralysed one. 
The Sphex, on finding this new and lively victim, proceeds at 
once to sting it, and pounces on the cricket, which, after a brief 
struggle, is overcome by the wasp ; tliis holds it supine, and then 
administers three stings, one in the neck, one in the joint 1)c tween 
the pro- and meso-thorax, and a third at the base of the abdomen, 
these three spots corresponding with the situation of the thi'ee 
chief nervous centres governing the movements of the body. 
The cricket is thus completely paralysed, without, however, iKdiig 
killed. Fabre proved that an Insect so treated wr)uld survive for 
several weeks, though deprived of all power of movement. 
Three or four crickets are placed by the wjisp in eacli cell, 100 
individuals or upwards being thus destroyed by a single wasp. 
Although the sting has such an immediate and powerful efiect 
on the cricket, it occasions but a slight and evanescent pain to a 
human being ; the sting is not b{ir1)ed, as it is in many bees and 
true wasps, and appears to be rarely used by the Insect for any 
other purpose than that of ]>aralysing its victims. The egg is 
laid by the Sphex on the ventral surfa(!e of the victim Ixitween 
the second and third pairs of legs. In three or four days the 
young larva makes its appearance in the form of a feeble little 
worm, as transparent as crystal ; this larva does not change its 
place, but there, where it was hatched, pierces the skin of tlie 
cricket witli its tiny head, and thus Ijegins the process of feed- 
ing ; it does not leave the spot where it first commenced to feed, 
but gradually enters by the orifice it has made, into the interior 
of the cricket. This is completely emptied in the course of 
six or seven days, nothing but its integument lemaining; the 
wasp-larva has by this time attained a Icngtli of about 12 milli- 
metres, and makes its exit through the orifice it entered l)y, chang- 
ing its skin as it docs so. Another cricket is then attacked and 
rapidly consumed, the whole stock being devoured in ten or twelve 
days from the commencement of the feeding operations ; the con- 
sumption of the later-eaten crickets is not performed in so delicate 
a manner as is the eating of the first victim. When full-grown, 
the process of forming a cocoon commences: this is a very ela- 
borate operation, for the encasement consists of three layers, in 
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addition to the rough eilk that serves a sort of scaffolding on 
the exterior : the internal coat is polished and is of a dark colour, 
owing to its being coloured with a matter from the alimentary 
canal : the other layers of the cocoon are white or pale yellow. 
Fabre considers that the outer layers of the cocoon are formed 
by matter from the silk-glands, while the interior dark coat fs 
furnished by the alimentary canal and applied by the mouth of . 
the larva : the object of this varnish is believed to be the exclu- 
sion of moisture from the interior of the cocoon, the subterranean' 
tunnels being insufficient for keeping thejr contents dry through- 
out the long ^months of winter. During the whole of the pro- 
cess of devouring the four crickets, nothing is ejected from the . 
alimentary canal of the larva, but after the cocoon is formed 
the larva ejects in it, once for all, the surplus contents of the 
intestine. Nine months are passed by the Insect in the cocoon, 
the pupal state being assumed only towards the close of this 
period. The pupa is at first quite colourless, but gradually 
assumes the black and red colour characteristic of the perfect * 
wasp. Fabre exposed some specimens of the pupa to the light 
in glass tubes, and found that they went through the pupal meta- 
morphosis in just the same manner as the pupae that remained in 
the darkness natural to them during this stage of their existence. 

Sphex coerulem is frequently stated to have the habit of pro- 
visioning its nests with both Orthoptera and Spiders ; but Kohl 
considers with reason that this record is, as regards spiders, a 
mistake, arising probably from a confusion with some other 
Insect of similar appearance, such as Pelopaetis {Scdiphron) - 
coerulem. 8. coerulem is no doubt the same as 8. (jOhlorion) 
lobatus, which Bothney observed in East India, provisioning its 
nests with Orthoptera. He discovered a nest in process of con- 
struction, and during the absence of the mother-wasp abstracted 
from the burrow a large field-cricket that she had placed in it ; 
he then deposited the Orthopteron near the cell; the parent 
8pJt€x on returning to work entered the tunnel and found the 
provision placed therein had disappeared ; she came out in a state 
of excitement, looked for the missing cricket, soon discovered it, 
submitted it to the process of malaxation or kneading, and again 
. placed it in the nest, after having cleared it from some ants 
that had commenced to infest it She then disappeared, and 
Bothney repeated thf experiment; in due course the same ^es 
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of operations was performi^, and were repeated many times, the 
Sphex evidently acting in each as if either the cricket had 
disappeared owing to its being incompletely stunned, or to its 
having been stolen by ants. Finally, the observer placed the 
cricket at a greater distance from the nest, when it recovered 
ftom the ill-treatment it had received sufficiently to make its 
escape. The points of interest in this account ai'e the fact that 
the cricket was only temporarily paralysed, and that the wasp 
was quite able to cope with the two special difficulties that must 
frequently occur to the species in its usiuil round of occupations. 

The genus ArnmophUa is of wide distribution, and its species 
make vertical tunnels in the graund. The habits of some of the 
species found in France have been described by Fabre. The 
Insect does not inhabit the burrow while it is in process of 
formation, but quits it; and some of the species temporarily 
close the entry to the incomplete nest with a stone. The 
tunnel is a simple shaft with a single cell at its termination ; 

' this is stored with caterpillars, the different species of Ammo- 
phila selecting different grubs for the purpose. A. hirmta hiber- 
nates in the perfect state, and carries on its work in the spring ; 
it chooses a single larva of considerable size belonging to one 
of the nocturnal Lepidoptera, and this it paralyses by a series of 
about nine stings, of which one is implanted in each segment 
from the first thoracic ring backwards ; it forms the burrow only 
after the food to be placed therein has been obtained. The 
caterpillar used is subterranean in habit, and the Ammophila 
detects the larva by some sense, the nature of whicb appears at 
present quite uncertain. A, holosericea chooses smaller larvae of 
the family Geometridae, and uses only one or two stingings to 
paralyse each larva ; several caterpillars are used to provision a 
single cell, and they are often selected of different colouia 

Marchal has also published an important account of the 
proceedings of A, affirm ; he confirms Fabre’s observations, and 
even adds to their Interest by suggesting that the Ammophila 
administer^ special stings for the purpose of paralysing the 
mandibles of the caterpillar and depriving it of any power of 
afterwards injuring the larva that will feed on it. He thinks 
the mo^&c-AmrnophUa herself profits by appropriating an exuda- 
tion from the victim. 

Some species of Sph^ides have the curious habit of choosing 
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the interiors of human habitations as the spots most suitable for 
the formation of their own domestic establishments. Fabre has 
given a charming account of the habits of Fdopaetis (Sceliphron) 
spirifesc, a species that inhabits the South of Europe, and that forms 
its nests in the cottages of the peasants. The spot usually selected 
is a nook in the broad, open fireplace, out of reach of the flames, 
though not of the smoke; here the Felopaeus forms a nest of 
earth, consisting of ten to fifty cells, the material being mud or 
clay brought in little balls by the aid of the Insect’s mandibles ; 
about twenty visits are required in order to complete one cell, so 
that tor the construction of a large nest of fifty cells, about one 
thousand visits must be made by the Insect. It flies in and 
out of the house apparently not at all incommoded by the 
human habitants, or by the fact that the peasant’s potage may 
be simmering on the fire quite close to where the fearless little 
creature is carrying on its architectural operations. The cells 
arc stored witli spiders, of which the wasp has to bring a plentiful 
^ supply, so that its operations extend over a considerable period. 
The prey is captured by tlie Felopaeus whilst on the wing, and 
carried off at once, being probably stung by the wasp during 
the process of transit ; apparently it is killed by the operation, 
not merely paralysed. Only small spiders are taken by this 
species, and the larva of the Felopaeus consumes them in a short 
time, one by one, before the process. of decomposition sets in; 
the egg, too, is laid on the first spider introduced, and this is of 
course at the bottom of the cell, so that the spiders are eaten by 
the wasp’s larva in the order in which they were' brought to the 
cell. The cell is sealed up when full, the number of spiders 
placed in it being on the average about eight. The larva 
completes its task of consuming the store in about ten days, and 
then forms a cocoon for its metamorphosis. Two or three 
generations are produced in a single year, the autumnal one 
passing eight or nine months in the clay cells, which are lodged 
in a nook of the peasant’s hearth, and exposed to the smoke of 
his fire during all the months of winter. Felopaeus {Sceliphron) 
is a genus including many species ; ^ several of them are known 

I Pel^tpaeuB disappears from the new catalogue of Hymenoptera as the name of a 
valid genus ; its species being assigued to Sceliphron and various other genera. 
We have endeavoured, as regards this name, to reconcile the nomenclature of 
previous authors with that u^ed in the new catalogue by placing the generic name 
adopted in the latter in brackets. 
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to be specially attached to the habitations of human beings. 
Both has given an account of the habits of 1\ {Sceli^^hron) 
laetus in Australia; he says that in some parts it is very 
difficult to keep these wasps out of tlie houses ; the ncst^ is 
formed of mud, and constructed on the furniture or in any part 
of *a room that suits the fancy of the Insect. This it must be 
admitted is, according to human ideas, liable to the charge of 
Ijeing very capricious. Both timed a wasp building its nest, 
and found that it brought a fresh load of mud every two or 
three minutes. If the wasp be allowed to complete the nest 
undisturl>ed, slie does so by adding to the exterior diagonal 
streaks of mud, so giving to the nest the look of a small piece 
of the bark of a common acacia. The construction consists of 
from ten to twenty cells, and when completed is provisioned 
with spiders for the ust^ of the young. This wasp is much 
pestered by parasites, some of which jirevent the develoiuneiit of 
the larvae by consuming the spiders intended by the mother- 
^vasp for its young. A fly, of the Order Wi[»tera, is said to follow 
the wasp when carrying a spider, and to detposit also an egg on 
the food ; as the Dipterous larvae have more rapid powers of 
assimilation, the Pelopaevs larvae are starved to death ; and their 
mildewed remains may lie found in the cell, after their enemies 
have become fully developed and have flown away. Another 
parasite is said to eat the wasp-larva, and attains this end by 
introducing an egg through the mud wall and the cocoon of tiu*, 
wasp — a habit that seems to indicate a Leucosjnd parasite. 
Tcuihytes amtralis, a wasp of the sub-family Dirrides also dis- 
possesses this Pdopaeus in a manner we shall subsequently 
describe. This fragment of natural history from Australia has 
a special interest, for we find repeated there similar complex 
biological relations to those existing in the case of the European 
congenera 

P. {SediphrorC) madraspatanus is common in the north-west 
provinces of Hindostan, and is called the mud-dauber ” by the 
European residents. According to Horne it constructs its cells in 
the oddest places, but chiefly about the inhabited apartments in 
house& It is perfectly fearless when engaged in building: the 
cells are four to six in number, and are usually provisioned with 
spiders to the number of about twenty. On one occasion 
it was observed that green caterpillars were stored instead of 
VOL. VI I 
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spiders. The species is said to be protected by a peculiar odour 
as well as by its sting; it is also stated that it disguises its 
edifice when completed by making it look like a dab of mud', 
and on one occasion ** rays of mud were observed round the nest, 
even more exactly imitating a lump of mud thrown with some 
force." P. {Sceliphron) bUineatus, formerly thought to be a variiity 
of P madraspatanuSt builds its nests in hedges and trees. 

Sub-Fam. 2. Ampulicides. — Prothorax long and narrow, forming 
a nech in front ; clypeus beak-like ; four suhmarginal cells, 
the outer one being complete; metathorax elongate, the pos- 
terior part of the metasternum deeply divided to allovj a 
perfect infieciion of the abdomen. 

This is one of the smallest of the divisions of the Sphegidae, 
but has a very wide distribution, being represented in both 
the Eastern and Western Hemispheres. It is allied to the . 
Sphegides, but differs by the prolongation of the neck and of the 
head, and by the articulation between the petiole and thorax*" 
being placed on the under surface of the body; the wing- 
nervures are said to be of inferior importance owing to their 

frequently diflering in indi- 
viduals of the same species. 
These Insects appear to be ^ 
rare in individuals, as well as 
few in species, and but little 
has been, recorded as to their 
habits; but it is known that ■ 
■ they live on cockroaches. Per- 
kins has given a brief sketch ' 
of the habits of Amptdex stbi- 
rica that is of great interest, 
but requires confirmation. He 
says that this Insect, in West 
Africa, enters apartments where 
cockroaches abound, and attack- 
ing one, that may probably be 

Fio. 44. — Amputex enmpresta. Male. four times itS OWn size, SUC- * 

ceeds, afte^ a struggle, in stingr 
ing it ; the cockroach instantly becomes quiet and submissive, and 
suffers itself tp be led away and placed in confinement in some 
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spot such as a keyhole, and in one case was apparently pre- 
vented from afterwards escaping, by the wasp carrying some 
heavy nails into the keyhole, i^he larva of the Awimlex may 
be presumed to live on the lllattid, as it is added that dead 
bodies of the cockroaches are frequently found with the empty 
codbon protruding from them. This account, if correct, points to 
some features in the habits of tliis Insect that ai^e uniipie. A 
remark made by Kothney in reference to the liabits of jL (Mu 
nopsis) rujicornis seems to indicate some similar instinct on the 
part of that species ; he says, I also saw two or three of these 
wasps collar a peculiar cockroach by the antemnae and lead it off 
into a crack in the iMirk, but as the cockroach reapfieared smiling 
each time, I don’t know what was up.” The sfime obst‘rver records 
that this species associates with Sima rvfonigra^ an ant it greatly re- 
sembles in ap^Nwance, as well as with a spider that is also of similar 
appearance (Fig. 72). Schurr has given a brief account of the 
proceedings of Ampalcx comjnrMa, and his statements also tend 
\o confirm the corn^ctness of Verkins’ rcport. The habits of a 
species of Ampnleic were partially known to lidaumur, who 
described them on the authority of M. Cossigui. The species is 
believed to be A, compresm, which occurs not only in East India, 
but also in the island of Bourlion, the locality where M. Cossigni 
made his observation: his account is, like the others, a mere 
sketch of certain points observed, the most important of. which 
is that when Amptdex cannot introduce the cockroach into a 
hole that it has selected as suitable, it bites off some portions 
of the body in order to reduce the poor Insect to the necessary 
extent. 

From these fragmentary observations it would appear that 
the sting of the Ampvlex has not so powerful a paralysing effect 
as that of most other Fossores; and that the Ampudex docs 
not form any nest, but takes advantage of suitable holes and 
crevices to store the victim in; also that it displays consider- 
able ingenuity in the selection of materials with which to block 
up the cavity in which it has placed the partially incapacitated 
creature. 

The genus Dolichurua is by some entomologists considered 
the type of a sub-family allied to the Ampulicides; it long 
consisted of a small and rare European Insect, but some exotic 
sp^ies have recently been added to it. It will probably prove not 
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sufficiently distinct from Ampulicides, although the pronotum is 
much shorter, but Handlirsch has recently observed that the 
European species attacks Blattidae as do the normal Ampulicides ; 
and Ferton has recorded that D. haemorrhous lives at the expense 
of Lohoptera decipiejis^ the wasp depositing its egg on the left 
intermediate femur of the prey. This is placed in a solitary 
cell, and is entirely consumed by the larva, life being preserved 
till within a few hours of the end of the repast, which occupies 
altogether eight days. 

Sub-Fam. 3. Larrides. — Hind lady not pedicellate, or with 
only a short pedicel ; one spur on the middle tibia ; lahru7n 
inconspicuous. Marginal celt of the front tvings appendi- 
culate} or mandibles excised externally, or both. 

This group is by some writers called Tachytides instead of 
Larrides, as owing to a change of nomenclature Tachytes may now 
be considered its prinqjpal genua It is in connection witlj.. 
this and the neighbouring sub-families of Sphegidae that some 
of the greatest taxonomical difficulties exist. We include in 
Larrides the Miscophus group ” of Kohl. 

The species of the genus Taxhytes seem to have habits very 
similar to those of the genus Sphex; they form shafts in the 
earth and provision them with Orthoptera ; like the S 2 )hex and 
other Fossores, they have the habit, when they fly to their tunnel 
with a victim, of depositing it for a short time on the ground 
close to the mouth of the burrow while they turn round and 
enter backwards; and, after doing this they again seize their 
prey and drag it into the burrow. Fabre availed himself of an 
opportunity to remove the prey while the Hymenopteron was 
entering the hole alone; as a result it had to come out again to 
seek the object; this it soon found, and carried to the hole, 
relinquishing it again as usual while it turned round; Fabre 
repeated the operation several times, and always with the same 
result ; the wasp, though it might have kept hold of the victim 
while it turned, and thus have saved itself from losing the 
precious object, never did so. 

‘ When a second cell is more or less perfectly marked out, the cell with which 
it is connected is said to be appendiculate. The nervurcs frequently extend beyond 
the complete cells towards the outer margin, forming incomplete '* cells ; only 
complete cells are counted, except when incomplete " is mentioned. ^ 
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One species of Tachytes in the soutli of France selects as its prey 
Orthoptera of the family Mantidae, Insects of a highly ferocious 
disposition, and provided with 
most powerful front legs, 
capable of cutting in two by 
a single act the body of an 
aggressor like the T(whytes ; 
the latter is, however, by no 
means dismayed by the .arms 
of its futui-e victim, but hover- 
ing above the latter for some 
time, as if to confuse it, and 
causing it rejKiatedly to turn 
its very mobile head, the Ab.^Tat'hyies pcviimpcs 9 ^ 

Tachylea at last pounces down Rntam. 

and install taiieously stings the Mantis in the nerve Centre 
Jjctween the formidable arms, which at once arc^ reduced to in- 
capjicity ; subsequently the Tachytes paralyses eaich of the otlau’ 
pairs of legs, and then carries off its victim. 

Lai'ra anathema chooses mole-crickets as the viand for its 
young, and TachyspUex panzeri selects grasshoppers of the family 
Acridiidae. Larra pompiliformis ( = Tachytes niger, Fabric) some- 
tiiiies associates itself with Sphex Jlavipennis (? aV. maxillosus, 
ficcording to Kohl), forming its burrow amidst the works of a 
(iolony of that species, and making use, like tlie tiphex, of crickets 
for provender. This led Fabre to Mieve that the Larra stole 
its prey from the Sphex, but he has since withdrawn this indict- 
ment, and declares that the Larra obtains its crickets by the more 
honourable, if not more humane, process of catching and stinging 
tliem itself. Smith has informed us, on the faitli of his own 
observation, that Z. pompiliformis uses both Lepidopterous larvae 
and grasshoppers for its stores. 

T, {Larrada) australis, according to Whittell, plays the part of 
a burglar, breaking open the cells of Pelopaeus {Sceliphron) laetus 
after they have been completed and stored with spiders ; it then 
takes possession of the cell, and curiously enough the Pelopaeus 
permits this, although the cell contains its egg and the store 
of food that is intended for the use of its own young. To us 
this seems very strange, but it is probable that the Pelopaeus 
has no idea of the consequences of the intruder’s operations; 
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it being one of .the strange facts of nature that these highly 
endowed creatures never even see the offspring for whose welfare 
they labour with such extraordinary ingenuity and perseverance. 
Neither can we suppose that they have a conception of it 
derived from a knowledge of their own individual history ; |Ebr 
their very complete metamorphosis is scarcely reconcilable with 
any such recollection on their part. It may possibly therefore 
be the case that, having no idea whatever of the offspring, they 
are equally destitute of any conception that it will be destroyed by 
the operations of the Larrada. However this may be, Whittell 
informs us that both wasps skirmish about for a little as if each 
were mistrustful and somewhat afraid of the other ; this ends by 
the Pelopaeus withdrawing its opposition and by the Larrada 
taking possession of the cell, which it then proceeds to divide 
into two, using for the purpose of the partition portions of the 
material of the nest itself ; possibly it is only a contraction of 
the size of the cell, not a true division, that is effected ; however,, 
this may be, after it is accomplished the Larrada deposits its 
own egg in the cell, having, it is believed by Whittell, previously 
destroyed that of the Pelopaeus. Judging from what occurs in 
other species it is, however, more probable that the destruction 
of the egg or young of the Pdopaeus is carried out by the larva 
of the Larrada and not by the parent-wasp. From a remark 
made by Maindron as to the proceedings, of Larrada modesta, 
in Ternate, it seems probable that its habits may prove to be 
similar to those of L. australis, for it frequents the nests of 
Pelopaeus after they have been completed. 

8ab-Fam. 4. Trypozylonides. — Differ from Larrides ly the 
inner margin of the eyes being concave, and the marginal 
cell not appendiculate, (Jn Trypoxylon there is only one 
distinct suhmarginal and one distinct discoidal cell, a second 
of each being indicated faintly.) 

The nervuration of Tryporylon is very peculiar, and differs 
from that of the widely-distributed geiius Pison, though according 
to Kohl’s views the two may be correctly associated to form 
this sub-family. The species of Trypoxylon are apparently rather 
fond of human .propinquity, and build clay- or mud-nests in or 
near houses. T. alhitarse has this habit, and is well known in 
Southern Brazil under the name of " Mdrimbouda da easa ” ; 
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this Insect, like PelojKieus, stores its nest with spiders, and 
Peckholt has remarked that however great may be the number of 
spiders placed by the mother^ s^asp in a cell, they are all consumed 
by the larva, none ever being found in the cell after the perfect 
Ipsect escapes therefrom. The European 7\ Jigulus forms a nest 
either in bramble-stems or in sandy soil or walls ; it makes use 
of spiders as provisions. 

. Sub-Fam. 6. Astatides. — Eyes very large in the male^ meeting 
broadly on the vertex ; two spurs on the middle tibia. 

We have two species of the genus Astata in Britain : one of 
them — A, boops — is known to form burrows in the ground, each 
of which contains only a single cell ; this, it appears, is usually 
provisioned with bugs of the 
genus Pentatoma, Insects re- 
markable for their strong and 
odensive odour. St. Fargeaii 
records that this species also 
makes use of a small cockroacli 
for forming the food - store : 
thus exhibiting an unique 
catholicity in the toleration of 
the disagreeable; almost the 
only point of connection lie- 
tween bugs and cockroaches 
being their disagreeable char- 
.acter. According to Smith, Oxybelus, another genus of Fossores, 
is also used. Authorities are far from agreement as to the 
validity and relations of the sub-family Astatides. It consists 
only of the widely-distributed genu^ Astata, with which the 
North American ^plopleeiron (with one species) is doubtfully 
associated. 

8ub-Fam» 6. Bembecides. — Lahrum frequently elongate, 
vnng - nervures extending very near to the outer margin ; 
marginal cell of front wing not appendiculate ; mandibles <1 
not emarginate externally ; hind body stout, not pedicellate. 

The elongation of the labrum, though one of the most trust- 
worthy of the characters of the Bembecides, cannot be altogether 

/j 
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relied on owing to the variation it presents both in this and the 
allied sub-families. The Bembecidcs carry their prey to their 
young tucked underneath their own bodies and hugged to the 
breast ; they affect loose, sandy soils for nidification ; make use, 
in the great majority of the cases where the habits are knov^p, 
of Diptera for provisions, and give these dead to the young; 
making repeated visits to supply fi*esh food to the progeny, which 
notwithstanding this fact, are distributed in isolated burrows. 

One of the most interesting of Fabi'e s studies of the instincts 
of Hymenoptera is devoted to Be/nihcx rostmta. The Bembecidcs 
have the habit of forming their nests in the ground in wide 

expanses of sand, and of cover- 
ing them up, they leave them 
so that there appears to be 
absolutely nothing by which 
the exact position of the nest 
can be traced ; nevertheless tlic 
Bnnbex flies direct to it with- 
out any hesitation. How neces- 
sary it is to these Insects to 
possess this faculty of finding 
their nests will l)e Tindcrstood 
w’hen we recall that the Bemhex 
does not provision its nest once and for all, but supplies the young 
at first with only insufficient food, and has therefore to return at 
daily, or other intervals, with a fresh store of provisions. The burrow 
is made in the sand by means of the fore-legs ; these work with ' 
such rapidity and skill that a constant stream of sand flows out 
behind the Insect while it is engaged in the act of excavation. 
The nest or cell in which the larva is to live, is formed by this 
process of digging; but no fastening together of the material 
occurs, nor does any expedient seem to be resorted to, other 
than that of making a way through the sand by clearing out all 
the piiH^es of stick or stone that might diminish facility of access. 
The cell being formed, the Bemhex leaves the spot in search of 
prey, and when it has secured a victim in the shape of a two- 
winged fly, it returns therewith to the burrow, and the booty is 
placed therein, an egg being deposited on it. The wasp then 
leaves the burrow, disguising, however, the spot where it is 
situate, and flies away ; to proceed possibly with the formation 
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of other burrows.* In the coui'se of twenty -four hours the 
egg hatches, and the larva in two or three days completely 
devours the stock provideil for it. The mother -wasp then 
returns with another fly — this time probably a larger one — 
penetrates rapidly to the bottom of the burrow, and again iv- 
treats, leaving the second stock of provisions for the benefit of 
the greedy larva. These visits of supply are repeated with inereast^d 
frequency, as the appetite of the larva for tlie benefit of whicli 
they are made increases with its growth. During the fourteen 
or fifteen days that form this portion of the life-cycle, the single 
larva is supplied with no less than fifty to eighty flies for food. 
To furnish this quantuiii, numerous visits are made to each 
burrow, and as the mother Bemhex has several burrf)ws — though 
how many does not appear to be known — her industry at this 
time must be very groiit. All the while, too, a great danger has 
to be avoided, for there is an enemy that sees in the booty 
^brought by the Bemhex to its young, a rich store for its own 
progeny. This enemy is a feeble, two-winged fly of the family 
Tachinidoe and the genus Aliltogmmma ; it hangs about the 
neighbourhood of the nests, and sooiuu’ or later finds its 
opportunity of des(;ending on the prey the Bemhex is carrying, 
choosing for its purpose a moment when the Bemhex makes a 
brief delay just at the mouth of the burrow ; tlien down exanes 
tlie AHltofjmmma and lays one, two, or thwie eggs on sonic portion 
of the booty that may be projecting from beneath tlie body of 
the wasp. This latter carries in the food for its own young, but 
thus introduces to the latter the source of its destruction, for the 
Miltogramma larvae eat up the supply of food intended for the 
Bemhex larvae, and if there be not enough of this provender they 
satisfy their voracity by eating the Bemhex larva itself. It is a 
remarkable fact that notwithstanding the presence of these 
strange larvae in the nest the mother Bemhex continues to bring 
food at proper intervals, and, what is stranger still, makes no 
effort to rid the nest of the intruders ; returning to the burrow 
with a supply of food she finds therein not only her legitimate 
offspring, a single tenant, but several others, strangers, it may 
be to the number of twelve; although she would have no 
difficulty in freeing the nest from this band of little brigands, 
she makes no attempt to do so, but continues to bring the 

^ See on this point the note on p. 130. 
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8upplie& In doing so she is fulfilling her duty ; what matters 
it that she is nourishing the enemies of her race ? Both race 
and enemies have existed for long, perhaps for untold periods of 
time, why then should she disturb herself, or deviate from her 
accustomed range of duties ? • Some of us will see in such prp- 
ceedings only gross stupidity, while others may look on them 
sublime toleration. 

The peculiar habits of Bemhex rostrata are evidently closely 
connected with the fact that it actually kills, instead of merely 
paralysing, its prey; hence the frequent visits of supply are neces- 
sary that the larvae may have fresh, not putrefying, food ; it may 
also be because of this that the burrow is made in a place of loose 
sand, so that rapid ingress may be possible to the Bemhex itself, 
while the contents of the burrow are at the same time protected 
from the inroads of other ci-eatures by the burrow being filled 
up with the light sand. Eabre informs us that the Bemhex 
larva constructs a very remarkable cocoon in connection with^ 
the peculiar nature of the soil. The unprotected creature has 
to pass a long period in its cocoon, and the sandy, shifting soil 
renders it necessary that the protecting case shall be solid and 
capable of keeping its contents dry and sound. The larva, how- 
ever, appears to have but a scanty supply of silk available for 
the purpose of constructing the cocoon, and therefore adopts the 
device of selecting grains of sand, -and using the silk as a sort of 
cement to connect them together. For a full account of the 
ingenious way in which this difficult task is accomplished the. 
reader should refer to the pages of Fabre himself. Bembe- 
cides appear to be specially fond of members of the Tabanidae 
(or Gad-fly family) as provender for their young. These flies 
infest mammals for the purpose of feasting on the blood they 
can draw by their bites, and the Bembecides do not hesitate to 
capture them while engaged in gratifying their blood-thirsty pro- 
pensitiea In North America a large species of Bembecid some- 
times accompanies horsemen, and catches the flies, that come to 
attack the horses; and Bates relates that on the Amazons a 
Bembecid as large as a hornet swooped down and captured one 
of the large blood-sucking Motuca flies that had settled on his 
neck. This naturalist has given an account of some of the 
Bembecides of the ^mazons Valley, showing that the habits there 
are similar to those of their European congeners. 
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Sphecius speeioms is a member of the Stizinue, a group recog- 
nised by some as a distinct ^b-family. It makes use, in North 
America, of Insects of the genus Cicada as food for its young. 
Burrows in the ground are made by the parent Insect ; the egg 
is deposited on the Cicada, and the duration of the feeding-time 
of the larva is believed* to be not more than a week ; the pupa 
is contained in a silken ccxiooii, with which much earth is incor- 
jiorated. Biley states that dry earth is essential to the well- 
lieing of this Insect, as the Cicada l)ecome mouldy if the earth 
is at all dump. As the Cicada is about twice us heavy us the 
SpheciuB itself, tliis latter, when about to take the captured 
burden to the nest, adopts the plan of climbing with it to tho 
top of a tree, or some similar point of vantage, so that during its 
flight it has to descend with its heavy burden instead of having 
to rise with it, as would be necessary if the start were made from 
the ground. 

Sub-Fam. 7. Nyssonides. — Lahrum ahort; mandibles mitre on 
the outer edge; hind body usually not pedicellate; tving 
with the margined cell not appendiciUate. 

This group has been but little studied, and there is not luucli 
knowledge as to the habits of the species. It is admitted to be 
impossible to define it accurately. It is by some entomologists 
considered to include Mellinus, in which the abdomen is lyedi- 
collate (Fig. 48), while others treat that genus as forming a 
distinct sub-family, Mellinides. Kohl leaves Mellinus unclassified. 
Glerstaecker has called attention to the tact that many of the 
Insects in this group have the trochanters of the hind and middle 
legs divided : the division is, as a rule, not so complete as it 
usually is in Hymenoptera Parasitica ; but it is even more marked 
dn some of these Nyssonides than it is in certain of the parasitic 
groupa 

Mdlinus arvensis is one of our commonest British Fossores, 
and we are indebted to the late F. Smith for the following 
account of its habits : It preys upon flie8,and may be commonly 
observed resorting to the droppings of cows in search of its prey; 
it is one of the most wary and talented of all its fraternity ; were 
it at once to attempt, by a sudden leap, to dart upon its victim, 
ten to one it would fail to secure it ; no, it does no such thing, 
it wanders about in a sort of innocent, unconcerned way, amongst 
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the deluded flies, until a safe opportunity presents itself, when 

its prey is taken without any 
chance of failure ; such is its 
ordinary mode of proceeding. At 
Bournemouth the flies are more 
active, more difficult to capture, 
or have they unmasked the 
treacherous Mellimis? and is it 
found necessary to adopt some 
fresh contrivance in order to 
accomplish its ends ? if so, it is 

Britain. j 

noticed once or twice, what I took to be a dead specimen of 
Mellinm, lying on patches of cow-dung ; but on attempting 
to pick them up off they flew; 1 at once suspected the crea- 
ture, and had not long to wait before my suspicions were 
confirmed. Another, apparently dead fellow, was observed ; and 
there, neither moving head or foot, the treacherous creature lay, 
until a fine specimen of a Bluebottle ventured within its grasp, 
when, active as any puss, the Mellinus started into life, and 
pounced upon its victim.” 

Lucas states that in the north of France Mellinus sahulosus 
provisions its nest with Diptera, which it searches for on the 
flowers of Umbelliferae, and then curries to its nest. This is a 
burrow in the earth, and when it is reached the Hymenoptcron 
deposits its Insect burden for a moment on the ground while it . 
turns round in order to enter the burrow backwards. The same 
writer states that two varieties of this Insect live together — or 
rather in the same colonies — and make use of different species 
of Diptera, even of different genera, as food for their young. 
These Diptera are stung before being placed in the nest. The' 
stinging does not kill the Insect, however, for Lucas was able to 
keep one specimen alive for six weeks after it had passed this 
trying ordeal. 

Snb-Fam. 8. Philanthidea. — Ldbrum small ; anterior wings with 
three complete suhmarginal cells ; hind body constricted at 
the hdse hut not so as to form a slender pedicel. 

This sub-family contains Insects resembling wasps or Cra- 
brohides in appearance, and is, as regards the pronotal structure, 
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intermediate lietween the two great divisions of the Fossores, for 
the pronotal lobe extends nearly or quite as far back as the 
tegulae, and in Philanthu^ the two come into almost iictual 
contiguity. 

The species of the genus Cerceris are numerous in Euro[)e, 
And several of them are known to make burrows in tlie ground, 
and store them with beetles for the benefit of the futuiii larvae. 
The beetles chosen differ in family according to tlie species of 
Cerceris ; but it appears from the observations of Fabre and Dufour 
that one kind of Cerceris 
never in its selection goes 
out of the limits of a 
particular family of 
beetles, but, curiously 

enough, will take Insects 
most dissimilar in form 
and colour provided they 
belong to the proi)er 
family. This choice, so 

wide in one diix3ction and 
so limited in another, 
seems to point to the 
existence*, of some sense, 
of the nature of which we are unaware, that determines the 
selection made hy the Insect. In the case of o\ir British species 
of Cerceris, Smith observed C. arenaria wirryiiig to its nest (Jur- 
culionidae of very diverse forms; while C, lahiata used a Ijcetle 
— Haltica tadMa — of the family Chrysomelidae. 

The beetles, after being caught, are stung in the chief 
articulation of th(? body, that, namely, between the pro- and 
mesothorax. Cerceris bupresticida confines itsedf exclusively to 
beetles of the family Buprestidae. It was by observations on 
this Insect that Dufour first discovered the fact thatr the InfH3cts 
stored up do not decay : he thought, however, that this was due 
to the liquid injected by the wasp exercising some antiseptic 
power ; but the observations of Fabre have shown that the pre- 
servation in a fresh state is due to life not being extinguished ; 
the stillness, almost as if of death, being due to the destruction 
of the functional activity of the nerve centres that govern the 
movements of the limbs. 
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It has long been known that some species of Cerceris prey on ; 
bees of the genus HaHotua^ and Marchal has recently described 
in detail the proceedings of (7. ornata. This Insect catches a 
Halic^ia on the wing, and, holding its neck with the mandibles, 
bends her body beneath it, and j)aralyses it by a sting admin- 
istered at the front articulation of the neck. The Hdlictus Is 
subsequently morq completely stunned or bruised by a process of 
kneading by means of the mandibles of the Cerceris. Marchal 
attaches great importance to this malaxation ” ; indeed, he is of 
opinion that it takes as great a part in producing or prolonging 
the paralysis as the stinging does. Whether the malaxation 
would be sufficient of itself to produce the paralysis he could not 
decide, for it appears to be impossible to induce the Cerceris to 
undertake tlie kneading until after it has reduced the Halictas 
to (quietude by stinging. 

Fabre made some very interesting observations on Cerceris 
tuherculaia, their object being to obtain some definite facts as to 
the power of these Insects to find their way home when removed ‘ 
to a distance. He captured twelve examples of the female, 
marked each individual on the thorax with a spot of white 
paint, placed it in a paper roll, and then put all the rolls, with 
their prisoners, in a box ; in tliis they were removed to a distance 
of two kilometres from the home and then released. He visited 
the home five hours afterwards, and was speedily able to assure 
himself that at any rate four out of the twelve had returned to 
the spot from whence they had been transported, and he enter- . 
tained no doubt that others ho did not wait to capture had been . 
equally successful in home-finding. He then commenced a second 
experiment by capturing nine examples' marking each with two « 
spots on the thorax, and confining them in a dark bpx. They 
were then transported to the - town of Carpentras, a distance of 
three kilometres, and released in the public street, “in the centre 
of a populous quartei^” from their dark prison. Each Cerceris 
on being released rose vertically between the houses to a sufficient 
height, and then at 'once passed over the roofs in a southerly 
direction- — the direction of home. After some hours he went 
back to the homes of the little wasps, but could not find that 
any of them had then returned ; the next day he went again, 
and found that at any rate five of the Cerceris liberated the 
previous day were then at homa This record is of considerable 
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interest owing to two facts, viz. that it is not considered that the 
Ceneris as a rule extends its mnge fur from home, and that the 
specimens were liberated in a public street, and took the direc- 
tion of home at once. 

Philanthus apivoriis is one of the best known of the members 
oP this sub- family owing to its habit of using the domestic 
honey-bee as the -food, for its oflspring. In many respects its 

* habits resemble those of Cerceris ornata, except tliat the Phil- 
antkus apparently kills the bee at once, while in the case of the 
Ceneris, the Hulutns it entombs does not perish for several days. 
The honey-bee, when attacked by the Philanthus, seems to be 
almost incapable of defending itself, for it ap])ears to have no 
power of finding with its sting the weak places in the armour 
of its assailant. According to Fabre, it has no idea of the Phil- 
anthas being the enemy of its race, and assticiatea with its 
destroyer on amicable terms previous to the attack being made on 
it. The PhUanthus stings the bee on the under-surface of the 

• mentuni ; afterwards the poor bee is subjected to a violent process 
of kneading, by which the honey is forc'cd from it, and this tho 
destroyer greedily imbibes. The bee is then carried to the nest 
of the Philanthm, This is a burrow in the ground ; it is of 
unusual depth — about a yard acconling to Fabre — and at its ter- 
mination are placed the cells for the reception of the young ; in 
one of these cells the t)ee is jilaced, and an egg laid on it : as 
the food ill this case is really dead, not merely in a state of 
anaesthesia, the Philanthus does not complete the store of food 
for its larvae all at once, but waits until the latter has consumed 
its first stock, and then the mother-wasp supplies a fresh store 
of food. In this case, therefore, as in Bembex, the mother really 
tends the olfspring. 

Snb-Fam. 9. Mimesides. — Small Insects with pedicellate hind 
body, the pedicel not cylindric ; mandibles not excised ex- 
ternally ; inner margin of eyes not concave; middle tibia 
ivith one spur ; wings with two, or three, submarginal cells, 

Mimesides is here considered to include the Pemphredonides 
of some authora Mimesides proper comprises but few forms, and 
those known are small Insects. Psen eonjcolor and P, atratus 
form their nests in hollow stems, and the former provisions its 
nest with Homopterous Insects of the family Psyllidae. Little 
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information exists as to their habits; but Yerhoeff states that 

the species of Ps^n-^Iike mem- 
bers of the Pemphredoninae — 
\ if cocoons. ” 

The Pemphredonine subdivi- 
sion includes numerous small atid 
obscure Insects found chiefly in 
Europe and North America (Fig. 
] . ^ jr A\ \ 51 , P. iafjuhris)\ they resemble 

^ ^ Jl ^ smaller black species of Cra- 

/ f9 \ bronides, and are distinguished 

f \ from them cliiefly by the exist- 

ence of at least two complete, 
Fia. 50.~ fticoZor <j. subinargiiial cells on the an- 
terior wing instead of one. 

The species of Passaloecus live in the burrows that they form 
in the stems of plants ; Pemphredon lugubris frequents the decayed 
wood of the beech. The larva and pupa of the latter have been ' 
described by Vcrhoelf; no 

cocoon is formed for the 'y 

metamorphosis. Both these 

genera provision their nests 

with Aphidac. This is 

also the case with Stigmas 

pendulus, but the burrovrs 

of this species form a com- y ^ f \ 

p.lex system of diverticula ^ A 

proceeding from an irregu- / Apr \ 

lar main channel formed in - -- _ ^ ^ , i. • « y* • 

the pithy stems oi bushea 

Cemonus unicolor, according to Giraud, forms its burrows in 
bramble -stems, but it also takes advantage, for the purposes 
of nidifleation, of the abandoned galls of Cynips, and also of 
a peculiar swelling formed by a fly — Lipara iucens — on the 
common reed, Arundo phragriiiCes, This species also makes 
use of Aphidae, and Verhoefi* states that it has only an imperfect 
instinct as to the amount of food it stores. 


Fro. J5i\,-~Pmphndon luffvbris 9. Britain. 


Sub-Fam. 10. Orabronides. — Pronoium short, front wing with 
one complete suhmarginal and two discoidal cells : hind body 
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variable in form, pedicellate in some ahmrmal forms, hut more 
usually not stalked. 

The Crabronidcs ( Vespa crahro, the hornet, is not of this sub- 
family) are wasp-like little Insects, with unusually robust and 
quadrangular head. They frequently have the hind tibiae more 
or less thickened, and the clypeus covered with metallic hair. 
It appears at present 
that they are specially 
attached to the tem- 
l^erate regions of the 
northern hemisphere, 
but this may possibly lie 
in part due to their 
having escaped attention 
elsewhere. In Brittiin 
they form the most ini- 
fjortant part of the 
fossorial Hymenoptera, 

the .genus Cmbro f.o. 52.-Cm6„. 9. Bliiliiii. 

(with numerous sub- 
genera) itself comprising thirty species. The males of some of 
the forms have the front tibiae and tarsi of most extraordinary 
shapes. They form burrows in dead wood, or in pithy steins, 
(occasionally in the earth of cliffs), and usually store them with 
Diptera as food for the larvae : the wings and dried portions of 
the bodies of the flies consumed by Crabronidcs are often exposed 
to view when portions of old wood are broken from trees. 

The genus Oxfybelus is included by some systematists, but 
with doubt, in this sub-family ; if not placed here, it must form a 
distinct sub-family. It has the metiithorax spinose, and the sub- 
marginal anS first discoidal cells are not, or are scarcely, separated. 

Crahro leucostomus has been .observed by Fleteher to form 
cells for its larvae in the soft wood of broken willows : the food 
stored therein consists of two-winged flies of the family Dolicho- 
podidae. This Crahro is parasitii^ by an Ichiieuiiionid of the 
^nus Tryphon, and by a two-winged fly of uncertain genus, but 
belonging to the family Tachinidae. Tlie metamorphoses of 
Crahro chrysostomus have been briefly described by Verhoeflf: 
the food stored consists of Diptera, ijusiXally of the family Syr- 
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p^idae ; the larva spins an orange-ied cocoon, passes the winter 
therein, and assumes the pupal form in the spring; there is, he 
says, a segment more in the female pupa than there is in the mala 

The species of the sub-genus Crossoeerm provision their nests 
with Aphididae, but C, wesmaeli makes use, for the purpose, 
according to Ferton, of an elegant little fly of the family *; 
Tipulidae; according to Pissot this same wasp also makes use 
of a species of Typlilocyha, a genus of the Homopterous division of ' 
Bhynchota. Supposing there to be no mistake as to this latter 
observation, the choice of.Diptera and of Homoptera by the same 
species indicates a very peculiar habit. 

Fertonius {Grossocerus) luteieollu in Algeria forms cells at a 
slight depth in sandy soil, and provisions them with ants. The 
ant selected is Tajnmrm erraticum, and the individuals captured 
are the wingless workers. The mode of hunting has been de- 
scribed by Ferton ; the wasp hovers over one of tlie ant-paths at a 
distance of a few millimetres only above the surface, and when 
an ant ^at is considered suitable passes, the Fertonim pounces 
on it, stings it, and carries it off to the burrow ; forty or fifty 
ants are accumulated in a cell, the egg is laid in the heap of 
victims about oiie-third of the depth from the bottom; the 
resulting larva sucks the ants one by one, by attaching itself to' 
the thorax behind the first pair of legs. There is a very 
interesting point in connection with the habits of this species, 
viz. tliat the ants are not only alive, but lively; they have, 
however, lost the power of co-ordinating the movements of the 
limbs, and are thus unable to direct any attack against the feeble 
laiwa. Ferton thinks there are three generations of this species 
in a single year. 


Note. — In a note on p. 99 we have mentioned the new publication of 
Mr. and Mi«. Peckham on the liabita of Fossorea We may here add that it 
contains much fresh information on these Insects, together with criticisms of 
the views of Fabre and others. One of the points most noteworthy is that ' 
they have observed Crabro stirpicola working night and day for a period of 
forty-two consecutive hours. Tliey made experiments on Bmbex tpinolaB . 
with a view of ascertaining whether the female provisions two nests simul- 
tweously ; as the result they think this improbable. If the female Bembecid; . ^ 
make nests only consecutively, it is clear it must have but a small fecundity. 
The larval life extends over about fifteen days ; and if we allow three months ^ 
as the duration of life of a female, it is evident that only about six young 
can be produced in a season. . r/ 
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OR ANTS 

Division IV. Heterogyna or Formicidae — Ants. 

The segment, or the two segments, hehind the propodeum, either 

• small or of irregidar form, so that if not throughout of 
small diameter, the articvlalion with the segment hehind is 
slender, and there is great mobility. 

• The trochanters undivided. The 
individuals of each species are 
usually of three kinds, males,fe7iiales 
and workers; the latter have no 
wings, hut the males and females 
are usually winged,' though the 
females soon lose the flying organs. 

They live in communities of various 
number's, the majority being workers. 

The larvae are hdpless maggots fed 
and tended by the workers or by 
the female. 

In ants the distinction between the 
three great regions of the body is very 
marked. The abdomen is connected 
with the propodeum in a peculiar manner, 
one or two segments being detached 
SfOm the main mass to form a^very 
mc^bile articulation. This is the most distinctive of the char- 
acteirs of ants. The structure and form of these parts varies 



Fig. 53. — Abdomens of ants. 
A, Of Oamptmotifs rubripeJt 
(Forniicides) ; B, of EcUi- 
ttmomaumium (Ponerides); 
0, of Aphaenogaster tmr^ 
(Myrmicides). a, Fro- 
podenm ; 5, first abdominal 
segment forming a scale or 
node : e, second ; d, third 
abdominal segment. 
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Fio. 54. — Front of lieoil of Dimponera grandis. 
A, Mouth closed ; B, o|)eii. 


greatly in the family : and the Amblyoponides do not differ in 
a marked manner from the Scoliidae in fossorial Hymenoptera; 

The arrangement of the parts of the mouth is remarkable, 
and results in leaving the mandibles quite free and unconnected 
with the other trophi ; the mouth itself is, except during feeding, 

closed completely 
by the lower lip 
and maxilla assum- 
ing an ascending 
vertical direction, 
while the upper 
lip hangs down 
and overlaps the 
lower lip, being closely applied to it; so that in Ponerides 
the palpi, except the apices of the maxillary pair, are enclosed 
between the upper and lower lips (Fig. 54, A). In Ciyptocerini 
the palpi are not covered by the closed lips, but are protected by 
being placed in chinks at the outsides of the parts closing the 
mouth. The mandibles of ants can thus be used in the freest 
manner without the other parts of the mouth being opened or even 
moved. The mandibles close transversely over the rest of the 
mouth, and when shut are very firmly locked. There are, 
however, some ants in which the lips remain in the position 
usual in mandibulate Insects. 

The antennae, except in the males of soxne species, have a 
long basjil joint and are abruptly elbowed at its extremity. The 
eyes and ocelli vary excessively, and may be totally absent or 
very highly developed in the same species. The winged fonns 
are, however, never blind. The size of the head varies extremely 
in the same species ; it is frequently very small in the males, 
and largest in the workers. In some ants the worker-caste 
consists of large-headed and small-hwded individuals ; the former 


arc called soldiers, and it has been supposed that some of them 
may act the part of superior officers to the others. It should be 
clearly understood that there is no definite distinction between 
soldiers and workers; so that in this respect they are widely 
different from Termites. 

The jcomplex mass forming the thorax is subject to great 
change of structure in the same species, according as the indi- 
viduals are winged or wingless. The sutures between the dorsal 
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(notal) pieces are frequently obliterated in the workers, while 
they are distinct in the males and females, and the pieces them- 
selves are also much larger in size in these sexed individuals. 
.The pro-mesothorocic stigma is 
apparently always distinct ; the 
meso-mctathoracic one is distinct 
in the male Doryhts, biit can scarcely 
be detected, in the winged forms of 
other ants, owing to its being en- 
closed within, and covered by, the 
suture between the two segments: 
in the workers, however, it is usually 
quite conspicuous. Tlie posterior 
part of the thoracic mass, the pro- 
podeum or median segment, is of 
considerable size ; no transverse 
jsuturc between the component pieces 
of this part can be seen, but its 
stigma is always veiy distinct. The Bi—Ouedma South 

pedunde, or pedicel, formed by the America. A, Worker mujor ; B, 

. • ... . female after casting the wings. 

extremely mobile segment or seg- 
ments at the base of the abdomen (alr^dy noticed as form- 
ing the most conspicuous character of the family), exhibits much 




Fki. 66. — Stridiilating oi^an of an ant, Myrmica mbra^ var. ItUfidnttdU. Sngittal section 
of part of the 6th and 7th post-cephalic segments. (After Janet.) n, a*, muscles ; 
b, connecting membrane (corrugated) between 6th and 7th segments : c, 6th seg- 
ment ; d, its edge or scraper ; e, striate area, or file on 7th segment ; /, potior 
part of 7th segment ; p, cells, inside body ; A, trachea. 

variety. J^ometimes the first segment bears a plate or shield 
called a si^e (Fig. 53, A, 5); at other times there are two 
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small segments (Fig. 68, B, C, 6, e) forming nodes or knots, of , 
almost any shape. The articulations between these segments are 
of the most perfect description. In many ants these parts bear 
highly developed stridulating organs, and the delicacy and perf(^tion ; 

of the articulations allow the parts to>.be 
moved either with or without producing 
stridulation. In the male sex the peduncle 
and its nodes are much less perfect, and 
possess com|)aratively little capacity *for 
movement ; in the male of Dorylus (Figs. 
79, A, and 80,/) the single node is 
only imperfectly formed. The eyes and 
ocelli of the males are usually more 
largely developed than they are in the 
female, though the head is much smaller. 

The legs of ants are elongate, except 
in a few forms; the Cryptoeerini and. 
the males of Dorylides l)eing the most 
conspicuous exceptions. The tarsi are 
five-jointed, the basal joint l)oing dis- 
„ ^ ^ ^ , proportionately elongate, so that in use 

oiinoiit legofanaut, iHn it acts in many species as if it were a 
giu^idia (tip of tibin portion of the tibia, the other four joints 
aiuithebasoofthefirat joii t forming the functional foot. The front 

furnished with a beautiful, 
combing apparatus (Fig. 57). 

Features of Ant-life. — ^In order that the reader may realise 
the nature of ant-life we may briefly recount its more usual and 
general features. Numerous eggs are produced in a nest by one 
or more queens, and are taken care of by workers. These eggs 
hatch and produce helpless maggots, of which great care is 
taken by the workers. These nurses feed their charges from 
their own mouths, and keep the helpless creatures in a fitting 
state by transporting them to various chambers in conformity 
with changes of temmrature, humidity, and so on. When full 
grown the maggots ^ange to pupae. In some species the 
maggots form cocoons for themselves, but in others this is not 
the case, and the pupae are naked.^ . After a brief period of 

^ The pupae and cocoons of ants are usually called by tlio uninsteuoted, ‘‘ante* 
eggs.’* In this country they are used as food for pheasants. . 
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pu^l life a metaniQiphosis into the perfect Insect occu^ The 
creatures then disclosed may be either winged or*wingless ; the 
wingless are the workers and soldiers — imperfect females — the 
winged are males or females fully developed. The workers re- 
main in or near the nest they were produced in, but the winged 
individuals rise into the air for a nuptial flight, often in great 
numbers, and couple. When this is accomplished the male 
speedily dies, hut the females cast their wings and are ready to 
enter on a long life devoted to the production of eggs. From 
this account it will be gathered that males are only found in 
the nests for a very short time ; the great communities consist- 
ing at other periods entirely of the two kinds of females and of 
young. The imperfect females are themselves in some species 
of various kinds ; each kind being restricted, more or less com- 
pletely, to a distinct kind of duty. 

No Insects are more familiar to us than ants; in wamr 
countries some of them even invade the habitations of man, or 
establish their communities in immediate jnoximity to his 
dwellings. Their industry and pertinacity have, even in rtanote 
ages, attracted the attention and admiration of serious men ; some 
of whom — we need scarcely mention Solomon as amongst them — 
have not hesitated to point out these little creatures as worthy 
of imitation by that most self-complaccnt of all the species of 
animals. Homo sapiens. 

Observation has revealed , most remarkable phenomena 
in the lives of these Insects. Indeed, we can scarcely avoid 
the conclusion that they have acquired in many respects 
the art of living . together in societies more perfectly than 
our own species has, and that they have anticipated us in the 
acquisition of some of the industries and arts that greatly 
facilitate social life. The lives of individual ants ektend over a 
considerable number of years — in the case of certain species at 
any rate — so that the competence of the individual may be • 
developed to a considerable extent by exercise ; and one genera- 
tion may communicate to a younger one by example the arts 
of living by which it has itself profited The prolonged life of 
ants, their existence in the perfect state at all seasons, and the 
highly social life they lead are facts of the greatest biological 
importance, and are those that wo should expect to be accom- 
panied by greater and wider competence than is usually exhibited 
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by Insects. There can indeed be little doubt thiat ants are really 
not only the “ highest ” structurally or mechanically of all Insects^ 
but also the most efficient There is an American saying to 
the effect that the ant is the ruler of Brazil. We must add a 
word of (jualification ; the comiietencc of the ant is not like th|it 
of man. It is devoted to the welfare of the species rather than to . 
that of the individual, which is, as it were, sacrificed or specialised 
for the benefit of the community. Tlie distinctions between the 
sexes in their powers or capiicitics are astonishing, and those 
between the various forms of one sex are also great. The differ- 
ence between different species is extreme ; we have, in fact, the 
most imperfect forms of social evolution coexisting, even locally, 
with the most evolute. 

These facts render it extremely difficult for us to appreciate 
the ant ; the limitations of efficiency displayed by the individual 
being in some cases extreme, while observation seems to elicit 
contradictory facts. About two thousand species are already 
known, and it is pretty certain that the munber will reach at 
least five thousand. :^forc passing to the consideration of a 
selection from what has l)een ascertained as to the varieties of 
form and of habits of ants we will deal briefly with their habita- 
tions and polymorpliism, reserving some remarks as . to their 
assoeiations with otlier Insects to the conclusion of this chapter. 

Nests. — ^Ants differ greatly from the other Social Hymenoptera 
in the nature of their habitations.. The social bees construct cells 
of wax crowded together in large niunbers, and the wasps do the 
like with paper ; the eggs and young being placed, each one in a 
separate cell, the eombinations of wliich form a comb. Ants 
have, however, a totally different system ; no comb is constructed, 
and the larvae are not placed in cells, but are kept in masses and 
are moved about from place to place as the necessities of tempera- 
ture, air, humidity and other requirements prompt. The habita- 
tions of ants are in all cases irregular chambers, of which there is 
often a multiplicity connected by galleries, and they sometimes 
form a large system extending over a considerable area. Thus 
the habitations of ants are more like those of the Termites than 
those of their own allies among the Hymenoptera. They are 
chiefly remarkable for their great variety, and for the i^ilful 
manner in which they are adapted by their little artificers .to 
particular conditions. The most usual form in Europe, is a 
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fiuinber of subferranean chambers, often under the shelter of a 
stone, and connected by galleries. It is of course very didicult to 
trace exactly the details of such a work, because when excavations 
are made for the purposes of examination, the construction becomes 
destroyed; it is known, however, that some of these systems 
extend to a considerable depth in the earth, it is said to as much 
as nine feet, and it is thought the object of this is to have access 
to sufficiently moist earth, for ants are most sensitive to variations 
in the amount of moisture; 
a quite dry atmosphere is in 
the case of many species very 
speedily fatal. This system 
of underground labyrinths 
is sometimes accompanied by 
above-ground buildings con- 
sisting of earth more or less 
^firmly cemented together by 
the ants; this sort of dwell- 
ing is most frequently adopted fw. 68.-Portion of combimsi nest of Fw' 



mka/iisca and Si^enopHs fugaup, (After 
Forel.) x |. /,/, Chambers of AVmmcfi, 
recognisable by the coarser shading ; 
Sf 8\ chambers of the fMemqma (with 
finer shniiing) ; opening in one of the 
chambers, the entrance to one of the 
galleries that connects the chambers of the 
HoUnopsis; ir, walls forming the foiuida- 
tions of the nest and the limits of the 
chambers. 


when the soil in which the 
nests arc placed is sandy ; it 
ii I probable that the earth is 
ti such cases fastened together 
fh means of a cement pro- 
fAuced by the^ salivary glands 
/of the ants, but this has not 

^ been determined with certainty ; vaulted galleries or tunnels of 
this kind are cohstructed by many species of ants in order to 
eni^ble them to approach desired objects. 

In South America Camponotus rnfipts and other species that 
habitually dwell in stumps, in certain districts where tliey are 
diable to inundations, build also nests of a different nature on 
/trees for refuge during the floods. In Europe, a little robber-ant, 
n^lenopsia fugoM^ constructs its dwelling in combination with that 
tof Formica fusca (Fig, 68), in such a manner that its chambers 
i^nnot, on account of the small size of the orifices, be entered by 
‘ the. much larger Formica. Hence the robber obtains an easy 
living at the expense of the larger species. The Sauba or Sauva 
ants of South America (the genus Atta of some, Oecodorm of 
other authors) appear, to be most proficient in the art of sub- 
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. terraneaii mining. Their systems of tunnels and hosts are known 
to extend through many square yards of earth, and it is said on . 
the authority of Hamlet Clark that one species tunnelled under 
the bed of the river Parahyba at a spot where it was as broad 
as tlie Thames at London Bridga , 

A considerable number of ants, instead of mining in the 
ground, form chambers in wood ; these are usually very close to 
one another, because, the space being limited, galleries cannot be 
indulged in. Campo'iiotus lignipterdiis in Europe, and C, penn^yU 
vanicus in North America, work in this way,. 

Our British Lasius fidiginosns lives in decayed wood. Its 
chambers arc said by Forel to consist of a paper-like substance 
made from small fragments of wood. Cryptocems burrows in 

branches. Colohopsis lives in a 
similar manner, and Forcl in- 
forms us that a worker with 
a large head is kept stationed^ 
within the entrance, its great head 
acting as a stopper ; when it seei» 
a nest-fellow desirous of entering 
the nest, this animated and intel- v 
ligent front-door then retreats a 
little so as to make room for 
iiigi'ess of the friend. Forel has 
observed that in the tropics of 
America a large number of species 
of ants live in the stems of grass. 
There is also quite a fauna of 
ants dwelling in hollow thorns, 
in spines, on trees or bushes, or 
in dried parts of pithy plants;^ . 
and the tropics also furnish a . 
number of species that make nests , ^ 
of delicate paper, or that spin 
tanum. Java. (After Forel.) together by means of Bilk the ; . 

leaves of trees. One eastern .V" 
species — Polyrhachia apinigera — fabricates a gauze-like web 
silk, with which it lines a Subterranean chamber after the 
manner of a trap-door spider. 

Some species of ants appear to find'both food and shejto v 
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entirely on the tree they inhabit, the food being usually sweet 
stuff secreted by glands of the plant. It is thought that the 
ants in return are of considerable benefit to the plant by defend- 
ing it fi'om various small enemies, and this kind of symbiosis has 
r^eived much attention from natui^alists. A. very curious con- 
dition exists in the epiphytic plants of the geiiem Myrmecodia 
and Hydnophytum; these plants form large bulb-like (Fig. 59) 
excrescences which, when cut into, are found to be divided into 
chambers quite similar to those frequently made by ants. Though 
these structures are usually actually inhabited by ants, it appears 
that they are I'eally produced by the plant independent of the 
Insects. 

Variability and Polymorphism of Ants. — Throughout the 
Hymenoptera there are scattered cases in which one of the sexes 
appears in dimorphic form. In the social kinds of bees and 
wasps the female sex exists in two conditions, a reproductive 
one called queen, and an infertile one called worker, the limits 
between the two forms seeming in some cases (honey-bee) to be 
absolute as regards certain structures. This sharp * distinction 
in structure is rare ; while as regards fertility intermediate con- 
ditions are numerous, and may indeed be induced by changing 
the social state of a community.^ In ants the phenomena of the 
kind we are alluding to are very much more complex. There are 
lid solitary ants ; associations are the rule (we shall see there are 
one or two cases in which the association is with individuals of 
other species). In correlation with great proclivity to socialism 
we find an extraordinary increase in the variety of the forms of 
which species are made up. In addition to the male and female 
indiv^iduals of which the species of Insects usually consist, there 
are in ants workers of various kinds, and soldiers, all of which 
£0*6 modified infertile females. But in addition to the existence 
of these castes of infertile females, we find also numerous cases 
of variability or of dimoi^hism of the sexual individuals ; and 
this in both sexes, though more usually in the female. Thus 
there exists in ants an extraordinary V£uriety in the polymorphism 
of forms, as shown by the table on p. 141, where several very 
peculiar conditions are r^orded. 

Xhe complex nature of these phenomena has only recently 

^ Tho parthenogenetio yoiiiig produced by worker females are invariably of the 
fiMleBez. 
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become known, and as yet has been but little inquired inta The 
difference between the thoracic structure in the case of the winged 
and wingless females of certain species (Fig. 55, and in voL v. 
fig. 339) is enormous, but in other species this difference appears 
to be much less. The ordinary distinctions between the queen* 
female and worker-females appear to be of two kinds; firstly, 
that the former is winged, the latter wingless and secondly, tliat 
the former possesses a rec^tmvlwm, wninis, the latter does not. 
In a few cases it would seem that the dimorphism of winged 
and wingless forms is not complete, but that variability exists. 
Intermediate conditions between the winged and wingless forms 
are necessarily rare ; .nevertheless a certain number have already 
been detected, and specimens of Lasim alienus have been found 
with short winga In rather numerous species some or all of 
the fertile females depart from the usual state and have no wings ; 
(a similar condition is seen, it will l)e recollected, in Mutillides 
and Thynnides of the neiglibouring fiunily Scoliidae). A di- , 
morphism as regards wings also exists in the male sex, though it is 
only extremely rarely in ants that the males are wingless. Never- 
less a few species exist of which only wingless males have been 
found, and a few others in which both winged and wingless 
individuals of this sex arc known to occur. The wingless rtmlps of 
course approach the ordinary workers ( = infertile wingless females) 
in appearance, but there is not at present any reason for 
supposing that they show any diminution in their male sexual 
cliaractera The distinction between workers and fotnal^ as 
based on the existence or non-existence of a renepUwtdwm seminis 
has only recently become known, and its importance cannot yet 
be estimated. The adult, sexually capable, though wingless ^rms, 
are called ergatoid, because they are similar to workers (’Epyonj?, 
a worker).* 

* student must recollect tliet the winged female ants cast their wings 

lireviouslyto assuming the scdal life. The winglessness of these » 

totally different phenomenon from that vo here allude to. 

* See Forel, rerh. Ch*. dtuttch. Ifalur/. IxvL 1894, 2, pp. 142-147 : and Emery 

Si«l CtntnMl. xiy. 1894, p. 53. The term ergatoid applies to both ; a species 

with worker-like female is ergatogynous ; with a worker-like male ergatandr^ 
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4 Table, of the Chief Fomu of Polymorphim in Anta 
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In addition to the above there arc apparently oases of females with post-meta- 
moiphic growth in Dorylides, but these have not yet been the subject of investiga- 
tion. 
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Much has been written about the mode in which the yariety 
of forms of a single species of ant is produced. ^As to this th^e 
exists but little actual observation or experiment, and the 
subject has been much complicated by the anxiety of the writers 
to display the facts iii a manner that will support some general 
theory. Dewitz was of opinion that workers and queens of anlbs 
were produced from different kinds of eggs. This view finds 
but little support among recent writers. Hart in recording the 
results of his observations on the parasol ant (of the genus Attd) 
— one of the species in which polymorphism is greatest — says^ 
that these observations prove tha*t **ants can manufacture at 
will, male, female, soldier, worker or nurse,” but he has ‘not 
detennined the method of production, and he doubts it being 
the character of the food.” There is, however, a considerable 
Ixxly of evidence suggesting that the quality or quantity of the 
food, or both combined, are important factors in the treatment 
by which the differences are produced. The fact that the social 
Insects in which the phenomena of caste or polymorphism occur, ' 
though belonging to very diverse groups, all feed their. young, is 
of itself very suggestive. When we add to this the fact that in 
ants, where the phenomena of polymorphism reach their highest 
complexity, the food is elaborated in their own organs by the 
feeders that administer it, it appears probable that the means 
of producing the diversity may be found herein. Wasmann has 
pointed out that the aiits’-uest beetle, LomeeJiusaf takes much 
food from the ants, and itself destroys their young, and that in 
nests where Lomeehusa is abundant a large percentage of erga- 
togynous forms of the ants, are produced. He attributes this to 
the fact that the destruction of the larvae of the ant by the 
beetle brings into play the instinct of the ants, which seek to 
atone for the destruction by endeavouring to produce an 
increased number of fertile forms ; many ergatogynous individuals 
being the result. This may or may not be the case, but it iS' 
dear that the ants’ instinct cannot* operate without . some 
material means, and his observation adds to the probability that 
this means is the food supply, modified either qualitatively or 
quantitatively. 

The existence of these polymorphic forms led Herbert 
Spencer to argue that the form of an animal is not absolutely 
* Nature ya^ 1894, p. 125. 
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determined by those "Anlagen’’ or Rudiments that. Weismunn 
and his school consider to be all important in determining the 
nature or form of the individual, for if this were the case, how 
can it be, he asked, that one egg may produce either a worker, 
nurse, soldier or female ant t To this Wasmann (who continued 
tSe discussion) replied by postulating the existence of double, triple 
or numeix>us rudiments in each egg, the treatment the egg receives 
merely detennining which of these rudiments shall undergo de- 
velopment.^ Forel seems to have adopted this explanation as being 
the most simple. The probability of Weismann’s hypothesis being 
correct is much diminished by the fact that the limit between the 
casfes is by no means absolute. In many species intermediate forms 
are common, and even in those in which the castes arc believed to 
be quite distinct, intermediate forms occur as very rare excep- 
tions.^ Emery accounts^ for the polymorphism, without the 
assistance of the Weismannian hypothetical compound rudiments, 
by another set of assumptions; vi;s. that the phenomenon has 
' b^ii gradually acquired by numerous species; and that we see it 
in various stages of development ; also that variation in nutrition 
does not affect all the parts of the body equally, but may be 
such as to carry on the development of certain portions of the 
organisation while that of other parts is arrested. Speaking 
broadly we may accept this view as consistent with what we 
know to be the case in other Insects, and with the phenomena of 
post-embryonic development in the class. But it must be ad- 
mitted that our knowledge is at present quite inadequate to 
justify the formulation of any final conclusions. 

The geological record of Formicidae is not quite what we 
should have expected. They are amongst the earliest Hymen- 
optera ; remains referred to the family have been found in the 
lias of Switzerland and in the English Purbecks. In Tertiaiy 
times Formicidae appear to have been about the most abundant 
of all Insects. At Florissant they occur in thousands and form 
in individuals about one-fourth of all the Insects found tliera. 
They have also been met with numerously in the European 
Tertiaries, and Mayr studied no less than 1600 specimens found 

^ Biol, CerUralbL xv, 1895, p. 640. 

* Prof. Forel has favoured the writer by informing him of several cases of these 
rare intermediate forms he has himself detected. 

* Biol, CetUralbl, xiv, 1894, p. 53. 
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in amber. Formicides and Mjrmicides are more abundant than 
Ponerides, but this latter group has the larger proportion of 
extinct genera ; conditions but little dissimilar to those existing 
at present. 

Glassification of Anta — ^Ants are considered by many ento- 
mologists to form a series called Hetcrogyna. They can, 
however, be scarcely considered as more than a single family, 
Formicidae, so that the serial name is superfluous. Their 
nearest approach to other Aculeates is apparently made, by 
AmUyopone^ to certain Mutillides Apterogyna) and to the 
Thyniiides, two divisions of Scoliidae. Emery considers Dory- 
lides rather than Amblyoponides to be the most primitive form 
of ants, but we are disposed to consider Forers view to the effect 
we have above mentioned as more probably correct. The point 
is, however, very doubtful. The condition of the peduncle is in 
both the sub-families we have mentioned very imperfect compared 
witii that of other anta Both these sub-families are of very 
small extent and very imperfectly known. We shall also 
follow Forel in adopting six sub-families, Camponotides, Dolicho- 
derides, Myrmicides, Poncrides, Dorylides, and Amblyoponidea 
Emery rejects the Amblyoponides os being merely a division of 
the Poneridca This latter group displays the widest relations 
of all the sub-families, and may be looked on os a sort of central 
form. The Camponotides and Dolichoderides arc closely allied, 
and represent the highest differentiation of the families in one 
direction. The Myrmicides are also highly differentiated, but 
are not allied to the Camponotides and Dolichoderides.^ 

Sab-Fam. 1. OamponotideB. — Hind body furnished with but 07ie 
constriction^ so that only a single scale or node emsts on the 
pedicel. Poison-sac forming a cushion of convolutions^ on 
which is situate the modified sting, which forms merdy an 
ejewulatory orifice for the poison. 

The members of this very extensive division of ants can be 
readily distinguished from all others, except the Dolichoderides, 
by the absence of a true sting, and by the peculiar form of the hind 
body ; this possesses only a single scale at the base, and has no 

^ Forel'a latest views on this subject will be found in the Ann. Soc. enJt. Belgiqne 
xxxvii. 1893, p. 161 ; the very valuable paper by Emery, in Zool. Jahrh. Syst. 
viii. 1896, p. 760. 
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constriction at all on the oval, convex and compact mass of the 
abdomen behind this. The cloacal orifice is circukr, not, as in 
other ants, transverse. These characters are accompanied by a 
difference in habits. The Campoimtides, though they do not 
sting, produce poison in large quantity, and eject it to some dis- 
tance. Hence, if two specimens are confined in a tube they are 
apt to kill one another by the random discharges they make. 
Janet suggests that in order to neutralise the effect of tins very 
acid poison, they may have some means of using, when they aie 
in their natural abodes, the alkaline contents of a second gland 
with which they are provided. Wc shall mention the characters 
by which tlie Camponotides are distinguished from the small 
sub-family Dolichoderides when we deal with the latter. 

The sub -family includes 800 or more species. Camponotus 
itself is one of the most numerous in species of all the genera of 
Formicidae, and is distributed over most parts of the earth. Wc 
have no species of it in Britain, but in the south of Europe the 
'Oamponotus become very conspicuous, and may be seen almost 
everywhere stalking about, after the fashion of our British wood- 
ant, Formica rufa, which in general appearance Camponotus much 
resernblea 

Until recently, the manner in which fresh nests of ants were 
founded was imknown. In established nests the queen-ant is 
fed and tended by the workers, and the care of the helpless larvae 
and pupae also devolves entirely on the workers, so that the 
queens are relieved of all functions except that of producing egga 
It seemed therefore impossible that a fresh nest could be estab- 
lished by a single female ant unless she were assisted by workers. 
The mode in which nests are founded has, however, been recently 
demonstrated by the observations of Lubbock, M'Cook, Adlerz, 

. and more particularly by those of Blochmann, who was successful 
in observing the formation of new nests by Camponotus ligni- 
perdiis at Heidelberg. He found under stones in the spring 
many examples of females, either solitary or accompanied only 
by a few eggs, larvae or pupae. * Further, he was successful in 
getting isolated females to commence nesting in confinement, and 
observed that the ant that afterwards becomes the queen, at first 
carries out by herself all the dqties of the nest : beginning by 
making a small burrow, she lays some eggs, and when these hatch, 
feeds and tends the larvae and pupae ; the firjst specimens of these 
VOL. VI L 
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latter that become perfect Insects are workers of all sizes, and 
' at once . undertake the duties of tending the young and 
feeding the mother, who, being thus freed from the duties of. 
nursing and of providing food while she is herself tended and 
fed, becomes a true queen-ant. Thus it seems established that 
in the case of this species the division of labour found in the 
complex community, does not at first exist, but is correlative with 
increasing numbers of the society. Further observations as to the 
growth of one of these nascent communities, and the times and 
conditions under which the various forms of individuals composing 
a complete society first appear, would be of considerable interest. 

An American species of the same genus, G. pennsylvanicus, 
the carpenter-ant, establishes its nests in the stumps of treea 
Leidy observed that solitary females constructed for themselves 
cells in the wood and closed the entrances, and that each one in 
its solitary confinement reared a smdl brood of larvaa The 
first young produced in this case are said to be of the dwarf 
caste, and it was thought by the observer that the ant remained' 
not only without assistance hnt also without food during a period 
of some weeks, and this although she was herself giving food to 
the larvae she was rearing. 

Adlerz states tliat the females or young queens take no food 
while engaged in doing their early work, and that the large 
-quantity of fat-body they possess enables them to undergo several 
months of hunger. In order to feed the young larvae they use 
their own eggs or even the younger larvae. It is to the small 
quantity of food rather than to its nature that he attributes the 
small size of the first brood of perfect workera M. Janet ^ has 
recently designed an ingenious and simple apparatus for keeping 
ants in captivity. In one of these he placed a solitary female of 
Zasius alienua, unaccompanied by any workers or other assistants, 
and he found at the end of 98 days that she was taking care of 1 
a progeny coniusting of 50 eggs, 2 larvae, 5 pupae in cocoons, 5 
without cocoons. On the 102nd day workers began to emerge 
from the cocoons.* From these observations it is evident that . 
the queen-ant, when she begins lier nest, lives under conditions 
extremely different from those of the royal state she afterwards - ^ 
reaches. . > ' ‘ 

' . * Ann, €tU, France, 1898, p. 467. 

* Ann,, Sot, eni, France, 18'93, Bull, p. cclxiv. 
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In many kinds of ants the full-grown individuals are known 
to feed not only the larvae by disgorging food from their own 
mouths into those of the little grubs, but also to feed one another. 
This has been repeatedly observed, and Forel made the fact the 
eu{)ject of experiment in the case of Camiponotus ligniperdus. 
He took some specimens and shut them up without food for 
several days, and thereafter supplied some of them with honey, 
stained with Prussian blue; teing very hungry, they fed so 
greedily on this that in a few hours their hind bodies were dis- 
tended to three times their previous size. He then took one of 
these gorged individuals and placed it amongst those that had 
not been fed. The replete ant was at once explored by the 
touches of the other ants and surrounded, and food was begged 
from it. It responded to the demands by feeding copiously a 
sm^l specimen from its mouth : when this little one had received 
a good supply, it in turn* communicated some thereof to other 
specimens, while the original well-fed one also supplied others, 
and thus the food was speedily distributed. Tliis habit of receiv- 
ing and giving food is of the greatest importance in the life- 
history of ants, and appears to be the basis of some of the 
associations that, us we shall subsequently see, are formed, with 
ants by iimnerous other Insects. 

Oecophylla s^aaragdina, a common ant in Eastern Asia, forms 
shelters on the leaves of trees by curling the edges of leaves 
and joining them together. In doing this it makes use of an 
expedient that would not be believed had it not been testified by 
several competent and independent witnesses. The perfect ant 
has no material with which 
to fasten together the edges 
it curls; its larva, how- 
ever, possesses glands that 
secrete a supply of material 
for it to form a cocoon 
with, and the ants utilise 
the larvae to effect their Tiq. ^^.---(kcophylUiL smamgdina. Worker 
purpose. Several of them iwing « Um for .piunin^ 

combine to hold the foliage in the desired position, and while 
the7 do so, other ants come up, each one of which carries a 
lai^a in . its jaws, applies the. mouth of the larva to the parts 
where the cement is required, and makes it ^gorge the stu^ 
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material. Our figure is taken from a specimen (for which we 
are indebted to Mr. E. E. Green) that was captured in the act 
of bearing a larva. 

Formica rufa, the Bed-ant, Wood-ant, or Hill-ant, is in this 
country one of the best-known members of the Formicidae. ^ It 
frequents woods, especially such as are composed, in whole or 
part, of conifers, where it forms large mounds of small sticks, 
straws, portions of leaves, and similar material. Although at 
first sight such a nest may appear to be a chaotic agglomeration, 
yet examination reveals that it is arranged so as to leave many 
spaces, and is penetrated by galleries ramifying throughout its 
structure. These mound-nests attain a considerable size when the 
operations of the industrious ci*eatures are not interfered with, or 
their work destroyed, as it too often is, by ignorant or mischievous 
persons. Tliey may reach a height of three feet or near it, and 
a diameter of twice that extent. The galleries by which the 
heaps are penetrated lead down to the earth below. From the 
mounds extend in various directions patlis constantly traversed 
by the indefatigable ants. M'Cook observed such paths in the 
Trossachs; they proceed towards the objects aimed at in lines 
so straight that he considers they must be the result of some 
sense of direction possessed by the ants ; as it is impossible to 
suppose they could perceive by the sense of sight the distant 
objects towards which the paths were directed : these objects in 
the case M'Gook describes were oak-trees up which the ants 
ascended in search of Aphides. 

M‘Cook further observed that one of the oak-trees was reached 
by individuals from another nest, and that each of the two parties 
was limited to its own side of the tree, sentinels being placed on 
the limits to prevent the trespassing of an intruder; he also 
noticed that the ants saw an object when the distance became 
reduced to about an inch and a half from them. This species is 
considered to be wanting in individual courage ; but when acting 
in combination of vast numbers it does so with intelligence* and 
success. It does not make slaves, but it has been observed by 
Bignell and others that it sometimes recruits its numbers by 
kidnapping individuals from other colonies of its own species.. 
Its nests are inhabited by forty or fifty species of guests of various 
kinds, but chiefly Insects. Another ant, Myrmica lacmiMdic^ 
sometimes lives with it in perfect harmony, and Formicoxema 
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nitidulus lives only with F. rufa. Amongst the most peculiar 
of its dependants we may mention large beetles of the genera 
Cetonia and Clythra, which in their larval state live in the 
hills of the wood-ant. It is probable that they subsist on some 
of .the vegetable matter of which the mounds are formed Adlerz 
has given some attention to the division of labour amongst the 
different forms of the workers of ants, and says that in F, ntfa it 
is only the bigger workers that carry building and other materials, 
the smaller individuals being specially occupied in the discovery 
of honey-dew .and other Aphid products. In Camponotm it 
would appear, on the other hand, that the big individuals leave 
the heavy work to 1)e performed by their smaller fellows. 

The wood-ant and its near allies have been, and indeed still 
are, a source of great difficulty to systematists on account of the 
variation that occurs in the same species, and because this differs 
according to locality. Our European F. rufa has been supposed 
to inhabit North America, and the interesting accounts pub- 
lished by M*Cook of the mound-making ant of the Allegluinies 
were considered to refer to it. This Insect, however, is not F, 
nifa, as was supposed by M'Cook, but F, exsectoides, Forel. It 
forms colonies of enormous extent, and including an almost in- 
credible number of individuals. In one district of about fifty 
acres there was an Ant City containing no less than 1700 of 
these large ant-hills, each one teeming with life. It was found 
by transferring ants from one hill to another that no hostility 
whatever existed between the denizens of different hills; the 
specimens placed on a strange hill entered it without the least 
hesitation. Its habits differ in some particulars from those of 
its European congener ; the North American Insect does not close 
the formicary at night, and the inquilines' found in its nest are 
very different from those that live with F. rufa in Europe. 
Whether the typical wood-ant occurs in North America is 
doubtful, but there are races there that doubtless belong to 
the speciea 

F sanguinea is very similar in appearance to its commoner 
congener F. rufa, and is the only slave-making ant we possess in 
Britain. This species constructs its galleries in banks, and is 
of very courageous character, carrying out its military operations 
with much tactical ability. It is perfectly able to live without 
the assistance of slaves, and very frequently does so ; indeed it 
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has been asserted that it is in our own islands (where, however; 
it is comparatively rare) less of a slave-owner than it is in 
Southern Europe, but this conclusion is very doubtful. It ap- 
pears when fighting to be rather desirous of conquering its 
opponents by inspiring terror and making them aware of ,it^ 
superiority than by killing them; having gained a victory it 
will carry off the pupae from the nest it has conquered to its 
own abode, and the ants of the stranger-species that develop from 
these pupae serve the conquerors faithfully, and relieve them of 
much of their domestic duties. The species that F, sang^iinea 
utilises in tliis way in England are F, fmca, F. cunicvlaria, and 
possibly LaduB fiaviiSi Huber and Forel have given graphic 
accounts of the expeditions of this soldier-ant. In the mixed, 
colonies of F. sangniriea and F, fusca the slaves do most of the 
house-work; and are more skilful at it than their masters. Adlerz 
says that one of the slaves will accomplish twice as much work 
of excavation in the same time as the slave-owner ; these latter 
being lazy and fond of enjoyment, while the slaves are very , 
industrious. 

Polyerg'm rufescens, an European ant allied to Formica, is 
renowned since the time of Huber (1810) as the slave-making 
or Amazon ant. This creature is absolutely dependent on its 
auxiliaries for its existence, and will starve, it is said, in the 
midst of food unless its servitors are there to feed it. Wasmann, 


however, states that Polgergus does possess the power of 
feeding itself to a certain extent. Be 
this as it may,, the qualities of this ant 
^ warrior are superb. When an indi- 

f ( \ vidual is fighting silone its audacity is 

^ splendid, and it will yield to no superi- 
ority of numbers ; when the creatures are 
T I m acting as part of an army the individual . 

* ^ boldness gives place to courage of a more 

suitable sort, the ants then exhibiting the 
Fro. SL—Headof act of retreating or making flank move- 

ntfeseens, (After Andr4.) . , ^ -r « * 

ments when necessary. If a Polyergus . 
that is acting as a member of a troop finds itself isolated, and . 
in danger of being overpowered, it has then no hesitation in 
Keking safety even by flight This species is provided with 
mandibles of a peculiar nature ; they are not armed with teethe* 
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but aro pointed and curved; they are therefore used after the 
manner of poignards, and when the ant attacks a foe it seises 
the head between the points of thp^ curved mandibles, and driv- 
ing them with great force into the brain instantly paralyses the 
v^tim. 

Mandibles of this shape are evidently unfitted for the purposes 
of general work, they can neither cut, crush, nor saw, and it is 
not impossible that in their peculiar shape is to be found the 
origin of the peculiar life of Polyergus : we find similar mandi- 
bles reappearing amongst the aberrant Dorylides, and, attaining a 
maximum of development in the ferocious Eciion; they also 
occur, or something like them, in a few aberrant Myrmicides ; 
and in the male sex of many other ants, which sex exercises no 
industrial arts, this sort of mandible is pi*esent. 

The ants that Polyergus usually attacks in order to procure slaves 
are Formica fusca and F.fmca^ race auricularia ; after it has routed 
a colony of one of these species, P. ruf esteem pillages the nest and 
carries off pupae and some of the larger larvae to its own aboda , 
When the captives thus deported assume the imago state, they 
are said to commence working just as if they were in their own 
houses among their brothers and sisters, and they, tend their 
captors as faithfully as if these were their own relatives : possibly 
they do not recognise that they are in unnatural conditions, and 
may be quite as happy as if they had never been enslaved. The 
servitors are by no means deficient in courage, and if the place 
of their enforced abode should be attacked by other ant-enemies 
they defend it bravely. The feust that P. rufescens does not feed 
its larvae has been considered evidence of moral degeneration, 
but it is quite possible that the Insect may be unable to do so 
on account of some deficiency in the mouth -parts, or other 
similar cause. The larvae of ants are fed by nutriment regurgi- 
tated from the crop of a worker (or female), and applied to the 
excessively minute mouth pf the helpless grub : for so delicate 
a process to be successfully accomplished, it is evident that a 
highly elaborated and specialised arrangement of the mouth- 
parts must exist, and it is by no means improbable that the 
capacity of feeding its young in true ant-fashion is absent in 
Polyergus for purely mechanical reasona 

M'Cpok states that the North American ant, Polyergm Itiddvs, 
which some entomolqgists consider to be merely a variety of 
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the European species, makes slaves of Formica schaufusd^ itself 
does no work, and partakes of food only when fed by its servi- 
tors. He did not, however, actually witness' the process of feed- 
ing. When a migration takes pla^ the servitors deport both 
the males and females of P. lucidus, M‘Cook adds that tlie 
servitors appear to be really mistresses of the situation, though 
they avail themselves of their power only by working for the 
advantage of the other species. 

The honey-ant of the United States and Mexico has been in- 
vestigated by M'Cook and others ; the chief peculiarity of the 
species is that certain individuals are 
charged with a sort of honey till they 
become enormously distended, and in fact 
serve as leather bottles for the storage 
of the fluid. The species Afyrmecocystus 
hortideorum and M, mdliger, are mode- 
rate-sized Insects of subterranean habits, 
the entrance to the nest of M, horiideorim 
being placed in a small raised mound. 
The honey is the product of a small gall 
found on oak leaves, and is obtained by 
Pro. 62 .— Afyf?weocy«/i«wif.T£- the worker-auts during nocturnal expedi- 
tions, from which they return much dis- 
tended; they feed such workers left at 
home as may be hungry, ana then apparently communicate the 
remainder of the sweet stuff they have brought back to already 
partly charged " honey-bearers ” left in the )iest. The details 
of the process have not been observed, but the result is that the 
abdomens of the bearers become dis- 
tended to an enormous extent (Figs. 

62, 63), and the creatures move but 
little, and remain suspended to the 
roof of a special chamber. It is 
considered by M'Cook that these 
living honey-tubs preserve the food, 
till a time when it is required for 
the purposes of feeding the com- 
munity. The distension is pro- 
duced entirely by the overcharging 
of the honey-crop, the Other contents of the abdomen being 




Fig. 68. — Myrmecocyttw mtxUimw. 
lateral view. 
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forced by the distention to the posterior part of the body. 
Lubbock has since described an Australian ant, Melophoms 
having a similar peculiar habit, but belonging to the 
allied tribe Plagiolepisii. Quite recently a South African honey- 
tul) ant belonging to the distinct genus Flagiolepis {Ptrimeni 
For.) has been discovered, affording a proof that an extremely 
specialised habit may arise independently of relation between the 
Insects, and in very different pirts of the world. 

Species of the genus Lasius are amongst the most abundant 
of the ant-tribe in Britain. They are remarkable for their con- 
structive powers. L. niger, the common little black garden-ant, 
forms extensive subterranean galleries, and is extremely successful 
in the cultivation of various forms of Aphidae, from the products 
of which the spex:ies derives a large part of its subsistence. The 
ants even transport the Aphidae to suitable situations, and thus 
increase their stock of this sugary kind of cattle, and are said to 
take the eggs into their own dwellings in the autumn so that 
these minute and fragile objects may be kept safe from the 
storms and rigours of winter. These little creatures are bi*ave, 
but when attacked by other ants they defend themselves chiefly 
by staying in their extensive subterranean galleries, and blocking 
up and securing these against their assailants. 

Z. fuligimms, another of our British species, has very different 
habits, preferring old trees and stumps for its habitation ; in the 
hollows of these it forms dwellings of a sort of card ; this it 
makes from the mixture of the secretions of its salivary glands 
with comminuted fragments of wood,, after the fashion of wasps. 
It* is a moderate-sized ant, much larger than the little Z. niger^ 
and is of a black colour and remarkably shining; it gives off 
a very strong but by no means dii^igreeable odour, and may be 
seen on the hollow trees it frequents, stalking about in large 
numbers in a slow and aimless manner that contrasts strikingly 
with the active, bustling movements of so many of its congenera 
When this species finds suitable trees near one another, a colony 
is established in each ; the number of individuals thus associated 
becomes very large, and as the different colonies keep up inter- 
communication, this habit is very useful for purposes of defence. 
Forel relates that he once brought a very large number of 
Formica praiensis and liberated them at the base of a tree in 
which was a nest of Z. fvliginocua ; these latter, finding them- 
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selves thus assaulted and besieged, communicated in some waj, 

' information of the fact to the neighbouring colonies, and Forel 
soon saw large columns of the black creatures issuing from the 
trees near by and coming with their measured paces to the 
assistance of their confr^es, so that the invaders were soon dis- ' 
comiited and destroyed. Although the European and North 
American representatives of the sub-family Camponotides live 
together in assemblies comprising as a rule a great number of 
individuals, and although the separate nests or formicaries which 
have their origin from the natural increase of a single original 
nest keep up by some means a connection between the members, 
and so form a colony, of nests whose inhabitants live together on 
amicable terms, yet there is no definite information as to how 
long such association lasts, as to what is the nature of the ties 
that connect the members of the different nests, nor as to the 
means by which the colonies become dissociated. It is known that 
individual nests last a long time. Charles Darwin has mentioned 
in a letter to Forel that an old man of eighty told him he had 
noticed one very large nest of Formica rufa in the same place 
ever since he was a boy. But what period they usually endure 
is not known, and all these points probably vary greatly according 
to the species concerned. It has been well ascertained that when 
some ants find their nests, for some unknown reason, to be unsuit- 
able the inhabitants leave their abodes, carrying, with them their 
young and immature foniis, and being accompanied or followed by 
the various parasites or commensals that are living with them. 
Wasmann and other entomplogists have observed that the ants 
carry bodily some of their favourite beetle-companions, as well 
as members of their own speedes. Forel observed that after 
a nest of Formica pratemis had been separated into two nests 
placed at a considerable distance from one another so as to have 
no intercommunication, the members yet recognised one another 
as parts of the same family after the lapse of more than a month ; 
but another observation showed that after some years of separation 
they were no longer so recognised. 

« Although it is now well ascertained that ants are able to 
distinguish the individuals belonging to their own nests and 
colonies from those that, though of their own species, are not so 
related to them, yet it is not known by what means the recogni- 
tion is effected ; there is, however, some reason to suppose that it 
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is' % something of the nature of odour. One observer has noticed 
that if an ant &l 11 into water it is on emerging at first treated us 
if it were a stranger by its own friends ; but other naturalists have 
found this not to be the case in other species. Contact with 
corrosive sublimate deprives ants for a time of this power of 
recognising friends, and under its influence they attack one 
another in the most ferocious manner. 

The nests and colonies of the species of Camponotides we 
have considered are all constructed by societies comprising a 
great number of indi- _ 

viduals ; there are, 
however, in the tropics 

numerous species that ^ A 

form their nests on / f f 

foliage, and some of m / / 

these contain only a A /[ 

few individuals. The ft 

leaf-nests (Fig. 64) of * / 

certain species of Poly- / 

rhdchis are said to be | 

formed of a paper-like | i 

material, and to con- i* y/ " " 

tain each a female and 

about 8 or 10 worker 

ants. ForeP has ex- „ xt x * » » ^ « -* 1 .^ 

. 1 ^ n I Fio. 64.— Nest of Pctyrhachxa sp. (After Smith.) 

amined nests of several 

Indian species, and finds they differ from those of other ants in 
consisting of a single cavity, lined with silk like that of a spider. 
These nests are farther said to be constructed so as to render 
them either inconspicuous or like othei; objects on tlie leaves ; 
P. argentea covers its small dwelling with little bits of vegetable 
matter, and a nest of P. rcLstdla was placed between two leaves 
in such a manner as to be entirely hidden. All the species of 
the genus do not, however, share these habits, P. mayri making 
a card-nest, like Dolichoderus and some other ants. The species 
of the genus Polyrktuthis are numerous in the tropics of the Old 
World. 

Forbes noticed that a species of this genus, that makes its 
paper-like nest on the underside of bamboo-leaves produces a noise 
^ Forel, /. Bmhay Soe. viii. 1898, p. 86. 
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by striking the leaf with its head in a series of spasmodic taps. 
The same observer has recorded a still more interesting fact in 
the case of another species of this genus — a large brown ant — 
found in Sumatra. The individuals were “ spread over a space, 
perhaps a couple of yards in diameter, on the stem, leaves, apd 
branches of a great tree which had fallen, and not within sight 

of each other ; yet the tapping was 
set up at the same moment, con- 
tinued exactly the same space of 
time, and stopped at the same in- 
stant ; after the lapse of a few 
seconds all recommenced at the 
same instant. The interval was 
always of about the same duration, 
though I did not time it ; 
each ant did not, however, beat 
synchronously with every other 
in the congeries nearest to me ; 
there weie independent tappings, 
so that a sort of tune was played, 
each congeries dotting out its 
own music, yet the beginnings 
Fia 66.—Poiyrh«eh%spawiurut, and endings of the 3nusical parties 
worker. Singapore. Strictly synchronous.” 

Mr. Peal has also recorded that an ant — the name is not 
mentioned, but it may be presumed to be an Assamese species — 
makes a concerted noise loud enough to be heard by a human 
being at twenty or thirty feet distance, the sound being produced 
by each ant scraping the horny apex of the abdomen three times 
in rapid succession on the dry, crisp leaves of which the nest is 
usually composed. These records suggest that these foliage-ants 
keep up a connection between the members of different nests 
somewhat after the same fashion as do so many of the terrestrial 
Camponotides. Although the species of Camponotides have no 
special organ for the production of sound in the position in which 
one is found in Myrmiddes and Ponerides, yet it is probable that 
they are able to produce a sound by rubbing together other parts 
of the abdomen. 
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Sub-Fam. 2* Dolichoderidea. — Hind body furnished with hut 
one constriction so that only a single scale or node is formed ; 
Sting rudimentary ; the foi^n-sac without cushion. 

^ The Dolichoderidea are similar to Camponotides in appearance, 
and are distinguished chiefly by the structure of the sting and the 
poison apparatus. To this we may add that Forel also considers 
the gizzard to be different in the two sub-families, thei-e being no 
visible calyx in the Dolichoderidea, while this part is largely 
developed in the Camponotides. This is one of the least extensive 
of the sub-families of ants, not more than 150 species being 
yet discovered. Comparatively little is 
known of the natural history of its 
members, only a very small number of 
species of Dolichoderides being found in 
Europe. The best known of these (and 
the only British Dolichoderid) is 
noma erraticum, a little ant of about the 
size of Lasius niger, and somewhat similar 
in appearance, but very different in its 
habits. T. erraiicum does not cultivate 
or appreciate Aphides, but is chiefly 
carnivorous in its tastes. Our knowledge 
of it is due to Forel, who has noticed that 
it is very fond of attending the fights 
between other ants. Here it plays the 
part of an interested spectator, and 
watching its opportunity drags off the 
dead body of one of the combatants in 
order to use it as food. Although desti- 
tute of all power of stinging,. this Insect 
has a very useful means of defence 

in the anal glands with which it is upper side and profile, 

provided ; these secrete a fluid having 

a strong characteristic odour, and possessing apparently very 
noxious qualities when applied to other ants. The Topi- 
noma has no power of ejecting the fluid to a distance, but is 
very skilful in placing this odorous matter on the body of an 
opponent by touching the latter with the tip of the abdomen : 
on this being done its adversary is usually discomfited. This 
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Insect is subterranean in its habits, and is said to change its 
abode very frequently. T. erraiicum occurs somewhat rarely in 
Britain. Ford has also noted the habits of Liometopum inicro- 
cephalum, another small European species of Dolichoderides. It 
is a tree-ant, and by preference adopts, and adapts for its use, the 
burrows made by wood-boring beetles. It forms extremely populous 
colonies which may extend over several large trees, the inhabitants 
hoping up intercommunication by means of numerous workers. 
No less than twelve mighty oaks were found to be thus united 
into a colony of this ant in one of the Bulgarian forests. The 
species is very warlike, and compensates for the extreme minute- 
ness of its individuals by the skilful and rapid rushes made by 
combined numbers oii their ant-foes of larger size. 

Fritz Muller has given a brief account, under tlie name of 
the Imbauba ant, of a Brazilian arboreal ant, that forms small ‘ 
nests in the interior of plants. The species referred to is no 
doubt an Azteca, and either A. instahilis, or A. mvlleri. The nests 
are founded by fertilised females which may frequently be found 
in the cells on young Cecropia plants. Each internode, he says, 
has on the outside, near its upper part, a small pit where the wall 
is much thinner, and in this the female makes a hole by which 
she entera Soon afterwards the hole is completely closed by a 
luxuriant excrescence from its margins, and it remains thus closed 
until about a dozen workers have developed from the eggs of 
the female, when the hole is opened anew from within by the 
workera It is said that many of the larvae of these ants are 
devoured by the grubs of a parasite of the family Chalcididae. 
This Insect is thought to protect the plant from the attacks of 
leaf-cutting ants of the genus Atta, 

We may here briefly remark that much has been written 
about the benefits conferred on plants by the protection given to 
them in various ways by ants : but there is reason to suppose s 
that a critical view of the subject will not support the idea of 
the association being of supreme importance to the trees.^ 

8nb*FaJn. 2. Myrmicides. — Pedicel of abdomen formed of two 
well-marked nodes (knot-like segments). Sting present (absent 
in the Cryptocerini and Attini). (It shovld be noted thed the 

^ See von Ihering, ^erlin. ent. ZeiUchr, xxxix. 1894, p. 864 ; and Forel, Ann. - 
Soe, enL Belgique, xl. 1396, p. 170. « . 
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workers of the genera Eciton and Aenictus of the suh family 
Dorylides have, like the Myrmicides, two nodes in the pedied.) 

This sub-family consists of about 1000 species, and includes 
a great variety of forms, but, as they are I & 

mdst of them of small size, they arc less. 
known than the Camponotides, and much I 

less attention has been paid to their 1 

habits and intelligence. Forel, until i-e- 
cently, adopted four groups: Myrmicini, y t 
Attini, Pseudomyrmini and Cryptocerini ; ^ | (J |1 \ 

but he is now disposed to incretise this J \ 

number to eight' They are distinguished ^ .Uy ^ 
by differences in the clypeus, and in the \ 

form of the head; but it must be noted / 

that the characters by which the groups p,, 
are defined are not in all cases fully Homs, large and amaii 
applicable to the males. The Crypto- 

cerini are in external structure the most highly modified of 
Hymenoptera, if not of all the tribes of Insccta. 

i. The Myrmicini proper are defined by Forel as having the 
antennae inserted near the middle, a little behind the front, of 
the head„ which has carinae on the inner 
^ sides, but none on the outer sides, of the 

I } insertions of the antennae ; the clypeus cx- 

^ tends between the antennaa 

\i \i/ J Certain genera of small European ants of 

the group Myrmicini display some most 
anomalous phenomena. This is especially 
the case in Formicoxenus, Anergates and 
/ PC\j Torriognathus. The facts known have, how- 

/ I \ \ ever, been most of them only recently dis- 

i J covered, and some obscurity still exists as to 

\r many of even the more important points 

Fig. es.-^Formieoxenu8 these extraordinary lifie-historiea 

nitiduina, male. (After has long been kuown that the little 

Ibrmicoxenvs nitidvlus lives as a guest 
in the nests of Formica rufa, the wood-ant; and another 
jumilar ant, Stenamma westwoodi, which shares the same life, 


nUidulua, male. (After 
Adlen.) 


^ Ann. Soe. ei|f. Belgique, xxxvii. 1893, p. 163. 
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was declared by Nylander and Smith to be its male; it' was 
however shown some years ago by Andr^ that this is a mistake, 
and that S. westwoodi is really the male of another ant that 
had till then been called Asemorhoptrum lippulum. This correc- 
tion left the workers and females of Formicoxenus nitidvlus 
destitute of a male, but Adlerz has recently discovered that Ihe 
male of this species is wingless and similar to the worker, the 
female being a winged Insect as usual. It is very curious that 
the characters by which the male is distinguished from the 
worker should vary in this species ; but according to Adlerz this 
is the case, individuals intermediate in several points between 
the males and workers having been discovered. This pheno- 
menon of quite wingless males in species where the female is 
winged is most exceptional, and is extremely rare in Insects ; but 
it occurs, as we shall see, in one or two other Myrmicides. Charles 

Darwin made the veiy 
reasonable suggestion 
that winged males may 
SC be developed occasion- 

00^. y ally as an exceptional 

C ^ phenomenon, and it is 
very probable that this 
c may be the case, though 

^ 

^ demonstrated. Formic 

coxewws nitiduluB occurs 
y in England in the nests 

of Formica rufa and of 
y congerom, but we 
I 3 ^ / y3m \ Jiot aware that the 

male has ever been 
¥iQ,00,--Anergate8€iir€a‘ulm. Europe. A. male, with found in this country. 

allied to Formicoxenus, 
and occurs in Centi^al Europe, but has not been found in Britain ; 
the female, as in Formicoxenus, is winged and the male wingless, 
but there is no worker-caste ; the male is a rather helpless creature, 
and incapable of leaving the nest. The species lives in company 
with Tetramorium caespiium, a little ant very like Myrmica, and not 
uncommon in South-East England* The female Anergaies is at 
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first an active little creature with wings, but after these are lost 
the body of the Insect becomes extremely distended as shown in 
Fig. 69, C; the creature is in this state entirely helpless, and ns 
there are no workers, the Anergates is completely dependent, for 
the existence of itself and its larvae, on the friendly offices of the 
Telmmorium that lives with it. The mode of the association 
of these two Insects is at present both unimralleled and inexplic* 
able, for only workers of the Tetmmirhm are found in company 
with the (J and 9 Aitergatea ; the community, in fact, consisting 
of males and females of one species and workers of another. The 
nests of Anergates are so rare that only a few naturalists have 
l)eeu able to observe them (Schenk, von Hagens, and Forel may 
be specially mentioned), but in the? spt»ts where they oamr, 
nests of the Tetramorium, containing all the forms of that species, 
are numerous, and it theridbre seems probable that a young fertile 
feniJile of the A'ncrgates may leave a nest in which it was born, 
enter a nest of the Tetramorkim, and, destroying the (piceu tliereof, 
substitute herself in the place of the victim ; but if this be really 
tlie case, the larvae and j)upie of the Tetramorium must also be 
destroyed, for no young of the Tetranwrium ai*e ever found in 
these strange associations. It is very dilhcult to believe that 
the Tetramorium workers should be willing to accept as their 
(pieeii a creature that commenced her acquaintance with them by 
destroying their own queen or queens and a number of their 
young sisters ; especially as the Tetramorium is a more powerful 
ant than the Anergates, and could readily dispose of the murderous 
intruder if it were disposed to do so. It is known, however, 
that colonies of Tetramorium completely destitute of queens some- 
times occur, and Wasmann has suggested that the female Aner- 
gates may seek out one of these, and installing herself therein as 
a substitute, may be accepted by the orphaned colony. This 
plausible hypothesis has still to be verified. 

' The genus Cardiocondyla also exhibits the phenomenon of 
apterous, worker-like males, while in one species, G. emeryi, a 
winged male is also known to exist. 

Tomognathus sublaevis is a little Myrmicid ant, found rarely 
in Denmark and Sweden, where its habits have recently been 
studied by Adlerz. A band of the Tomognathus attack the nest 
of another little Myrmicid, Lejptothorax acervorum, and succeed 
by their own pertinacity and the fears of the Leptothorax in 
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obtaining possession of it; the legitimate owners disajlpear, leav- 
ing the Tomognafhus in possession of their larvae and pup^; 
these complete their development only to find themselves the 
slaves of TonwgTiathvs. The subsequent relations of the two 
ants are friendly^ the slaves even preventing their masters from 
wandering from the nest when they wish to do so. If an estab- 
lished mixed community of this nature is in want of additional 
servitors, the Tomognathus secure a supply by raids after the 
ftshion of the Amazon-ant, bringing back to their abode larvae 
and pupae of Leptothorax to be developed as slaves. It was for- 
merly supposed that the Tomognathus continued its species by 
perpetual parthenogenesis of the workers, for neither males nor 
females could be found. Adlerz ^ has, however, now discovered the 
sexual individuals. The male is an ordinary winged ant, and is 
so like that sex of the Leptothorax, that Adlerz had failed to 
distinguish the two befoi-e he reared them. The females are 
apterous, and in fact like the workers. It would perhaps be 
more correct to say that the workers of this species vary greatly 
but never l)ecome winged ; some of them have ocelli and a struc-: 
ture of the thorax more or less similar to that of winged females, 
though none have been found with wings. Certain of these 
females possess a receptaculum semiuis, and Adlerz treats this as 
the true distinction between female and worker. In accordance 
with this view the female of Tomogniathue may be described as a 
worker -like individual possessing a receptaculum seminis, and 
‘ having more or less of the external structures of winged females, 
though never being actually winged. It is probable that other 
workers reproduce parthenogenetically. The males of this species 
will not unite with females from the same nest, thus differing 
from many other ants, in which union between individuals of the 
same nest is the rule. Finally, to complete this curious history, 
we should remark that the larvae of the Tomognathus are so 
similar to those of the Leptothorax that Adlerz is quite unable to 
distinguish the two. 

Strongylogndthus testaoem and S. huberi live in association with 
TetraTfiorium eaespitum, and are cared for by these latter ants ; it 
is notable that as in the case of the slave-making Polyergu^ 
rufescens the mandibles of the Stron^lognMhus ai*e cylindrical 
and pointed, and therefor^ unsuitable for industrial occupations. . 

^ Bih* SvefMka Ak. xxi. 1896, Afd. iv. No. 4. 


IV 


ANTS— MYRMIGIDfiS ; 1 63 

8. testaeem is a weak little ant, and lives in small numbers in the 
nests with T, caespitum, which it is said to greatly resemble in 
^appearance. The proportions of the forms of the two species 
usually associated is peculiar, there being a great many workers 
of T, caespitwm both in the perfect and pupal states, and also all 
the sexes of the Strowjylognaihm, of which, however, only a few 
are workers. This would seem to suggest that 8. testajeeus attacks 
and pillages the nests of T, eaespitum in order to carry off worker 
pupae, just as Polyergm rvifescens does. But the facts that 8, 
UstoAmA is a weaker Insect than the Tetraniorium, and that only 
a few of its worker-caste are present in a community where there 
are many workers of the Ttiramorinm^ seem to negative the view 
that the latter were captured by the former ; and the mode in 
which the associated communities of these two species are started 
and kept up is still then^^fore in need of explanation. 

Strongylogmithm huheri is a much stronger Insect than its 
congener, 8. te&taceuB, and Forel has witnessed its attack on 
TdramoHum caespitnm. Here the raid is made in a similar 
manner to that of Poly ergots rufescens on Formica ; the Tetramo- 
rium is attacked, and its pupae carried off to the abode of the 
Strongylognathus to serve in due tim^ as its slaves. The man- 
<liblcs of 8, hvheri^ being similar in form to those of Polyergm 
rufeBceiiSy are used in a similar manner. 

Although 2\ caespituvi is common enough in South-East Eng- 
land, it is to be regretted that none of tlie guests or associates we 
have mentioned in connection with it occur in this country. It 
is a most variable species, and is distributed over a large X’art of 
the globe. 

Our British species of Myrmicides, about ten in number, 
all belong to the group Myrmicini ; none of them are generally 
common except Myrmicg, rubra, which is a most abundant Insect, 
and forms numerous races that have been consideied by some 
entomologists to be distinct species ; the two must abundant of 
these races are M, ruginodis and M, scalrinodis, which sometimes, 
at the time of the appearance of the winged individuals, form vast 
swarms. 

The tiny Monomorium pharaonis is a species that has 
been introduced into Britain, but now occurs in houses in 
certain towns ; it sometimes accumulates on provisions in such 
numbers as to be a serious nuisance. Seventeen thousand 
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individuals weigh 1 gramme, and it is probable that a nest 
may include millions of specimens. 

The genus Aphaenogaster^ and its immediate allies include the 
harvesting ants of Europe and North America : they form subter- 
ranean nests consisting of iso- 
> lated chambers connected ^by 

galleries ; some of the chambers 
are used as store -houses or 
^ granaries, considerable quantities 

J \ A of corn, grass, and other seeds 

/ \ being placed in them. A. 

A ) ^ and A, harharm have 

observed to do this in 
Southern Europe by Lespis, 
Moggridge, and others. 

® In the deserts about Algeria 

I \0 \ and Tunis a harvesting ant, 

A. I J > Aphaenogmter {Mesao^') aren- 

aritts, is an important creature : 

subterranean dwellings are 

extensive, and are placed 

Jf w V depth of several feet from 

* p ^ \ ' ' D * the surface. Entrancre to these. 

/ ^ \ dwellings is obtained by small 

„ ^ ^ ^ V holes, which are the orifices of 

Fig. 70 . — Aphttcnogeister Lnessor) baf^nu, n . j. ^ i 

Aigerin. A, iniiie ; B, wing»i femai. ; galleries nianjr fect m length : 

C. Urge worker or soldier; D, sroaU the holes are surrounded by 

workcFt X V ^ 

pellets of sand projecting some- 
what above the general surface, and consequently maldng the 
places conspicuous. The subterranean works occmpy an area of 
fifty or a hundred square yards excavated at a depth of three to 
six feet. In these immense nests there exists a form of worker, 
of very small size, that never comes to the surface.^ 

Pogonomyrmex harhatus and other species have been observed 
to do harvesting in North America. After the workers of P. 
harhatus have taken the seeds into the nest they separate the 
husks and carry them out, depositing them on a heap or kitcheh- 

^ Until recently this genus was generally known as AUa^ but this name is now 
applied to the leaf-cutting ants, that were formerly called (kcodmna, 

* Forel, SulL Soe. Vaudaise, xzs. pp. 29-80, 1894. 
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middeiii formed near by. M'Cook has 'witnessed and described 
the process of stripping the seeds. 

Certain genera — e.g. AphaemgcLS^^ Pheidole — exhibit great 
disparity in the forms of the workers, some of which are of 
si^ much superior to the others, and possess disproportionately 
large heads ; these large individuals ara found in the same nest 
as the smaller forms. All the intermediate forms may frec^uently 
be found, and at the same time, in the genus Aphaenogaster ; but 
in Pheidole intermediates are of the utmost rarity. 

The genus Cremastogastcr is remarkable on account of tlie 
shape of the hind body and its articulation, which give the 
abdomen the appearance of being put on upside down. This 
mode of articulation may allow the Insect to threaten its enemies 
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Fia. 71 . — Oremastogaster tricolor^ worker. A, with abdomen extended ; B, uplifted. 

when they a.re in front of it ; but it is doubtful whether the 
Cremastogmter possesses an effective sting. 

ii. The group Attini is distinguished by the presence of a 
Carina near the eye, by the antennae being inserted at a moderate 
distance from one another, by the clypeus being prolonged back- 
wards between them; and by the absence of a sting. The 
group is not represented in Europe, but in Tropical America the 
ants belonging to it are amongst the most important of natural 
objects. The species of the genus Atta (usually styled Oecodoma) 
are the formidable leaf-cutting ants of America. They occur in 
enormous colonies in certain places, and will in a short time 
completely strip a tree of its leaves. As they appear to prefer 
trees of a useful kind, especially those planted by man, their 
ravages are often of the most serious nature. The natives, 
feeling it hopeless to contend with these Insect hordes, only too 
frequently abandon all attempts to cultivate the trees and 
vegetables the Insects are fond of. Both Bates and Belt have 
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given iicoounts of some points in the economy of these ants. 
They are amongst the largest of the Formicidae, the females in 
some cases measuring about two and a half inches across their 
expanded wings; the males are much smaller, but are less dis- 
similar to their X)artner8 than is usual among ants. The workers, 
on the other hand, are so extremely different, that no one would 
suppose them td be at all related to the males and females (see 
vol. V. Fig. 339). 

The mode of operation of these ants is to form paths from 
their formicary extending for a considerable distance in various 
directions, so that they have a ready access to any spot in a 
district of considerable extent; when a tree or bush is found 
bearing leaves suitable for their purposes, tlie worker ants ascend 
it in large numbers and cut up the leaves by biting out of them 
pieces similar in size and shape to a small coin ; these i)ieces are 
then carried back in the jaws of the ants to their nests ; the ant- 
paths are therefore constantly traversed by bands of little creatures 
carrying burdens homewards, or hurrying outwards in search of 
suitable trees. 

The formicaries are of considerable size, and arc described 
as consisting of low mounds of bare earth of considerable extent. 
Bates speaks of as great a circumference as forty yards ; these 
accumulations of earth have frequently an appearance different 
from the adjoining soil, owing to their being formed of subsoil 
brought » up from below; they are kept liare by the ants con- 
stantly bringing to and depositing on the surface fresh material 
resulting from their subterranean excavations. The true abodes, 
beneath the earth, are of greater extent than the mounds them-r 
selves, and extend to a considerable depth; they consist of 
chambers connected by galleries. 

The leaf - cutting ants extend their range to North 
America, and M'Gook has recently called attention to a case 
there in which A. fervens made an underground route at an 
average depth of 18 inches, and at an occasional depth of 6 
feet, extending 448 feet entirely beneath the earth, after which 
it was continued for 186 feet to reacb a tree which the ants wei^ 
engaged in defoliating. This route, extending altogether to a length 
of more than 600 feet, presented only a very slight deviation 
from a straight line drawn between the point of departure and 
the object to be attained. By what sense this ant was enabled: 


I V ^ M\^MICIDES— LEAF-CUTTING ANTS - i 167 

to make a subterranean tunnel in a straight line to a desired 
object situated at so great a distance^ we know not 

The use the leaf-cutting ants make of the enormous amount 
of material they gather was for long a subject of debate, and has 
oidy recently been ascertained by the observations of Moller. 
After being carried to the nest the pieces of leaves are cut into 
small fragments by another set of workers and formed into balls, 
which are packed in various parts of the nest, and amongst 
which the mycelium of a fungus — Rozites gongyloptm^a — ramifies. 
This fungus the ants cultivate in the most skilful manner; 
they manage to keep it clear from mouldiness and bticterial 
agents, and to make it produce a modified form of growth in 
the sha^ie of little white masses, each one formed by an agglomera- 
tion of swellings of the mycelium. These form the chief food of 
the colony. Muller ascertained by experiment that the results 
were duo to a true cultivation on the part of the ants: when 
they were taken away from tlie nests, the mycelium produced 
two kinds of conidia instead of the ant-food. 

Many details of the economy of these leaf-cutting ants are 
still very imperfectly known. The large-headed forms, called 
soldiers, have been the subject of contradictory statements; 
Bates having concluded from his own observations that they 
arc harmless, while Mr. J. H. Hart assures us that they are very 
fierce and vindictive, and inflict very serious wounds by biting 
(the Attini do not sting). We anticipate that the obseryatiuns 
of both these naturalists will prove to be substantially correct, 
and that the differences in habits will be found to lie owing to 
distinctions in the conditions of the community. In connection 
with this point we may remark that the function of the ex- 
cessively largo heads of certain kinds of soldier-ants is still 
obscure. In the East Indian Phcidologeton diversm the big 
soldiers are quite one hundred times as large as the smaller 
workers. As these latter bite viciously it would naturally hvt 
supposed that their gigantic confreres with enormous heads would 
' be warriors of a most formidable nature ; but, as a matter of fact, 
the giants are unable to bite even when they try to do so. 
Aitken has somewhere suggested that these enormous individuals 
play the part of state elephants ; and we have been informed by 
Colonel Bingham that the small ants may frequently be seen 
riding in numbers on their unwieldy fellows. We anticipate 
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hoi^ever, that some other function will be found to exist for 
these forms with enormous heada An examination of their 
organs of sense and of voice is very desirable. 

Details of the inodes in which the great communities of the 
leaf-cutting Attidae are maintained^ are still wanting. T,he 
females do not, we have been informed by Mr. Hart, possess 
any considerable powers of aftergrowth, so that there is no reason 
to suppose them to be unusually prolific. At certain seasons 
great swarms of winged individuals are produced, and after 
leaving the nests pair in the manner of our European Myrmiea. 
Possibly the females may, after losing their wings, again enter 
the large communities. Von Ihering states that the workers of 
Atta lundi are fertile. 

iii. The group Pseudomyrmini includes the genera Pseudo- 
myrma and Sima, which are by some entomologists treated as 
but a single genus. The antennae are inserted near together on the 
front of the head ; there is no carina bn the head external to 
their insertion, and the clypeus does not extend forwards between 
them. The Insects are usually of elongate form, possess a sting, 
and have a naked pupa. The group occurs in both hemispheres, 
but is exclusively exotic, and but little is known of the habits of 
its members. Forel has recently observed that numerous species 
live inside dried stems of grass or in hollow twigs, and are 
beautifully adapted for this mode of life by their elongate form, 
some of them being as slender as needles. Some interesting 
observations have beetf made in Nicaragua by Belt on Psetulo- 
myrvm hicolor and its relations with an acacia-tree, in the thorns 
of which it lives. The acacia in question is called the buirs-horn 
thorn, because the branches and trunk are armed with strong 
curved spines, set in pairs, and much resembling the horns of 
the quadruped whose name they Irear. The ant takes possession 
of a thorn by boring a small hole near the distal extremity, and 
forms its nest inside. The leaves of this plant are provided 
with glands that secrete a honey-like fluid, which it appears 
forms the chief, if not the sole, subsistence of the ant. Belt 
considers that the presence of the ant is beneficial to the acacia ; 
he supposes that the ants assume the rights of proprietors, and will 
not allow caterpillars or leaf -cutting ants to meddle with their 
property ; the leaves are, he thinks, so preserved to the benefit 
of the tree. 
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Bothney has given some particulars of the habits of S’ima 
rufo-nigra, on ant of this group that appears to be not uncommon 



Fra. 72 . — Sima ri{fo- nigra and 
its associates. A, winged 
female ; B, worker, of the 
ant ; C, Jthinitpuis rttji- 
tuirnist a fossorial wasp of 
the snb - family A mpuli- 
eitiejt ; D, a spider, Sa/ticwji 
sp. The coloration is ex- 
tremely siinilar in all these 
creatures. 


near Calcutta, where it lives on the trunks of trees in company 
with a spider and a wasp that gretitly resemble it in form and 
in colour. The three creatures seem to associate together 
on amicable terms ; indeed the wfisp and the ant occasionally 
indulge in wrestling matches without doing 
one another any serious harm. In coiiiiectioii 
with this fact we may observe that other 
species of ants have been observed to indulge 
in sports and feats of agility. 

8. leviceps, an Australian species of this 
genus, is furnished witli a stridulating file 
that has the appearance of being constructed 
so as to produce two very different kinds of J'ro* 73.— stridulating file 

, of Sima levic^. 

sounds. 

iv. The Cryptockrtni are distinguished from other ants by their 
antennae being inserted at the sides of the head, where they are 
placed between ridges or in a groove into which they can be 
withdrawn ; when in some cases they are entirely concealed. 
These ants assume a great variety of shapes and forms, some of which 
look almost as if they were the results of an extravagant imagin- 
ation. The skeleton is usually much harder than it is in other 
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ants ; the abdomen consists almost entirely of one very large seg- 
ment^ there being, however, three others visible at its extremity^; 
these segments can be only slightly protruded, and the ants have 
ho power of stinging. They are probably most of them arboreal 
in their habits. Neai-ly all of the known forms are exgtic. 
According to the observations of Bates the species of the genus 

Gryptocerus in the Amazons Valley 
may frequently be obsei*ved in dry 
oi)en places on low trees and bushes, 
or running on branches of newly felled 
trees; they also visit ttowers abund- 
antly. The species generally are 
wood-borers, usually perforating thd 
dead branches of trees. C. atratus has 
been observed to construct its nests 
in the dead, suspended branches of 
woody climbers; a number of neatly 
'^^oJkwrKSST'Thl!'!^- ‘IriUed holes are all that can be seen 
presaeci flrat joint of the hind externally ; but, iuside, the wood is 

different positions. perforated With mtercommuni- 

cating galleries. Each community 
appears to consist of a single female and two kinds of workera; 
the latter in some species are quite unlike each other, differing 
in the form of the head, and in the armature of the thorax and 
nodes of the i)eduncle. The s^iecies of Cryptocerus appear to be 
omnivorous, and are frequently attracted by the excrement of birds. 
The pupae are not enclosed in a cocoon. In the South of Europe 
two very minute ants, of- the genera Strwmigenys and Epitritus, 
belonging to this family, are met with under very large stones 
partly embedded in the earth. They are of the greatest rarity. 



Sub-fam. 4. Ponerides. — Hind body elongate, fwnished with one 
node at the base, and having also greed capacity of movement 
between the first and second segments, between which there is 
nsually a slight constriction. Styng well developed. 

This sub-family includes numerous genera and about 400 
^speciea The Ponerides have an elongate hind-body; the second 
segment behind the node is capable of great movement in and out 
of the preceding segment, and for this purpose is furnished with 
a basal portion slightly more slender than the apical part; this 
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basal part is usually concealed within the more anterior segment, 
the hind margin of which embraces it very closely. On the 
middle of the dorsal aspect of tliis articulation there is usually 
placed a stridulating organ, consisting of an elongate band or 
patjph of very fine lines; this gives out a sound when the second 
segment is moved in and out of the first at a time when the 
posterior edge of the latter is slightly depressed. 

We follow Forel in including the Australian bull-dog ants — 
Myrmecia — in Ponerides, as well as the Odontomachi. The 
former have, however, a definite pedicel, consisting of two nodes 
(Fig. 76). In the Odontomachi the mandibles are approximate 
at their bases, being inserted on the middle of the front of the 
head (Fig. 77). 

This sub-family includes a considerable number of species. . 
and is found in all parts of the world. Extremely little is 
known os to the habits, but the true Ponerides do not. so 
far as is known, occur in large communities, and it seems 
probable that they are destitute of the powers of combined 
action that are so remarkable in the Camponotides. and in some 
of the Myrmicides and Dorylides. Most of the species that 
have been described are known by only one sex. so that very 
little knowledge exists as to the sexual distinctions ; but from 
the little that is known it would appear that the three sexual 
forms are not so differentiated as they are in most of the Gam- 
pouotides and Myrmicides. * 

The species of the genus Lejptogenys are believed by Emery 
and Foiel to possess an 
apterous female. Mr. 

Perkins has observed that 
the Hawaiian L.fcdcigera 
has workers with differ- 
ent kinds of sting, but 
no true femala Males of 
this species are, however, 
abundant. Wroughton 
has recently discovered 
that one member of this 
genus is of Termito- 
phagous habits, but this is not the case with L.fcdcigera, Dino- 
j^nera grandis (Fig. 75) is the largest of the Ponerides. its 



Fig. 76 .— />tnqpoii«m grandin, worker. Aniazona. 
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workers attaining an inch.aud a quarter in length. This Insect, 
according to Bates, marches in single file in the thickets at Para ; 
Its colonies consist of a small number of individuals, and ave 
established at the roots of slender trees. The effects of its 
powerful sting are not so serious as is the case with some of „the 
smaller ants. 

In Britain we have only two representatives of the sub-family, 
viz. Ponera contracta, a small ant of dirty-yellow colour, found 
rarely in the Southern counties, living in moss or under stones. 
Its colonies consist of only a few individuals ; Forel giving fifty 
as the liighest number he has observed. The second species, P. 
pumtatiasima, presents the almost unique peculiarity of possess- 
ing two forms of the male sex, one of them resembling the 
worker in most of its peculiarities, and in l)eing destitute of 
wings, while the other is winged, as is usual in male ants. In 
the island of St. Vincent another species of Ponera has been dis- 
covered having an apterous and worker-like male, and was named 
by Forel P. ergatandria} The discovery of this form has led 
him to express some doubt as to whether Ponera pn^etatisaima 
has two forms of males ; but it seems probable that it really is 
so, the ergatoid males being produced under somewhat different 
circumstances from the normal males. We have already said 
that Cardiocondyla and a few other Myrmicides exhibit an 
analogous peculiarity. 

The genus Myrmecia is confined to the Australian continent 
and Tasmania, and includes a considerable number of species of 
large and moderate-sized ants, the classifieation of which has 
been a subject of difference of opinion. This has arisen from 
the fact that the nodes of the abdominal pedicel are more similar 
to those existing in the Myrmicides than to those of the typical 
Fonerides. There are, however, some American members of the 
latter sub-family {Paraponera clavata, ey.) that differ but little 
in this point from Myrmecia, and, moreover, the pujme of Myr- 
mecia are enclosed in a cocoon, while in the Myrmicides they 
are usually naked. On the other hand the nests are, it appears, 
very large and populous, more like what exists in the Myrmi- 
cides ; there is no true stridulating organ oh the first abdominal 
segment The genus is therefore one of those interesting 
anomalies that form so large a proportion of the Australian 
Tr, eht. Soe. Lcnden, 1893, pp. 366-467. 
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fauna, and will probably be ultimately treated as a distinct sub- 
family. There are about thirty species. 

The ants of this genus are well kiiown to the residents in 
Australia, where they are called “ bull- 
dog ants.” They form large mounds of 
cai1;h for their nests. The workers, and 
females (Fig. 76) are much alike except 
during the period when the latter are 
still carrying their wings. The males, 
however, diiler considerably, being of 
more slender form, and possessing only 
insignificant mandibles, and straight 
antennae with a quite short bawd joint. 

Forcl considers Myrmecia to be the 
most formidable of all the ants; the 
hill8 are said to be sometimes live feet k,o. 
high, and the colonics are immense in Anstmiiiu Fcmuie aUcr 
niuubers, while the Insect is an inch or 

more in length, and armed with a very powerful sting, the use 
of which on the human body is said to give rise in some castes 
to serious symptoms. On the other hand, we have seen state- 
ments to the effect that the sting of Myrmecia has only very 
evanescent sequelae ; it is also said that the ant-hills have only 
a slight elevation, so that probably l)oth these points difler 
according to the species. It appears from a communication of 
Miss Shejjherd’s that the formidable Myrmecia forjicata has its 
larvae destroyed by a parasitic Hymenopteroii (Emharis myr~ 
mecia^e) of brilliant colour and considerable size, so that we have 
the curious fact of the hordes of this most formidably armed ant, 
which possesses also large eyes, falling a victim to a brilliant and 
very conspicuous Insect Particulars of this case of parasitic attack 
are still wanting. There are other cases known of the larvae of 
ants being destroyed by parasitic Diptera and Hymenoptem, but 
in none of them have any sufficient observations been made as to 
the"^ mode in which the attack is made. Lowne says that M, gvlosa 
itself attacks large beetles of the genus Anoplogwjdh'as and buries 
them ; and he also adds the Very curious statement that M. nigro- 
dnota^ when running, is able to take leaps of a foot in length. 

The Odontomachi were formerly considered a distinct sub- 
family, distinguished by the peculiar mandibles (Fig. 77). 
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Many of the Ponerides have dongate mandibles, but they are 
inserted at the sides of the front of the head, not in the middle 
of the front. These organs in some species of Odontomachi 
serve as levers, by aid of which the Insect can execute considerable 
leaps. In only a few species are the males known ; Mayr and 
Forel state that they are destitute of the peculiar mandibles 
characteristic of the worker. 

The unique European representative of the Odontomachi, 
Anochetus ghilianiy occurs in Andalusia. Near Tangier Mr. 
€teorge Lewis found it to be not uncommon ; but the sexes are 

not known, and it even appears doubt- 
ful whether there exists any well- 
marked division between workers and 
female. Lewis observed, among the 
ordinary forms, individuals with longer 
bodies, usually one in a nest, and he 
supposed these to be females ; Saun- . 
ders, on examining these examples, 
found them to possess distinct ocelli, 
and therefore agreed with Lewis as to 
their being the female sex. Dr. Emery 
subsequently examined these same 
specimens, and took what is scarcely 
a different view, viz. that they are not 
females but an intermediate form; and he also expressed the 
opinion that “ the true female may not exist.” The male of 
Anochetus is not known. The female of A, mayHy a Neotropical 
species, has rudimentary winga 

8nb-faxn. 6. Dorylides. — Clypem extremely snuilly the antennae 
inserted very near the front margin of the head. Hind 
body usually elongate and subcylindricaly %cith an imperfect^ 
pedicel formed by the constriction of the back of the first 
segment y but occasionally there are two nodes in the workers. 
Distinctions between the two sexeSy and between the woricers 
and sexed forhSy enormouSy the queens truly wingless. Th,e 
females and workers usfually blindy or at any rate destitute of 
faeeited eyes. - {In Ecitonini the antennae are not inserted 
quite at the front of the head, and there are two nodes in the 
pedicel.) 
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We have reserved to the end of the ants the consideration of 
the two groups Dorylidea and Amblyoponides, recent investigations 
having rendered it somewhat doubtful whether they can be 
maintained as distinct from Poneric^ The chief character of 
the Dorylides is that the moles are much less ant-like in form 
thah they are in the other groups, and that the distinction 
between the females and workers are enormoua The little that 
is known as to the males and females of this group suggests 
the view that these sexes may offer suflicient reason for keep- 
ing the Dorylides as a group distinct from the otlier ants ; but 
it must be admitted that it is very difficult to find satisfactory 
characters to distinguish the workers of the Dorylides in some 
cases from the Pouerides, in others {Eciton) from the Myrmicides.^ 
The Dorylides are of great interest, for they exhibit the remark- 
able phenomenon of a nomadic 
social life, accom|iaiiied by im- 
perfect sight in the wanderers. 

The sub-family includes two 
apparently distinct groups : 

(1) the Ecitoiiini, peculiar to 
the New World, and having 
a close rclatiousliip with the 
Myrmicides ; and (2) the 
Dorylini existing chiefly in 
the eastern hemisphere, and 
related closely by its workers 
to the Pouerides and Ambly- 
oponidea (i.) The Ecutonini 
consist of the spexues of the 
genus Eciton, the wandering 
ants of America, and of Labi- 
dus, which there is now good 

reason for l)elieviim to con- Fio. 78.- -Various forms of worker of i&iton 
. - -rt . hanmtuvi, Giiateiiuila. 

sist of the males of Eexton. 

The" female is still uncertain. The Eciton are nomad ants 
having no fixed abode, but wandering from place to place in 
search of prey, and forming temporary resting-places. The 

^ For a valuable revision of Dorylua and its allies see Emery, Xool, Jahrh, Syat, 
viii. 1895, ppl 685, etc. We, however, doubt the wisdom of extending the sub* 
fuuily so as to include CerapachySf Parasyaeiai etc. 
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species are rather numerous, and the habits of several have been' 
described by Bates, who, however, was not acquainted with some 
of the most peculiar features in their biology, these having been 
since revealed by Belt and W. Muller. 

These aiits are predaceous in their habits, and some of the 
species travel in vast hordes ; they occasionally enter houses hnd 
clear them of much of the vermin with which they may l)e 
infested. They have no facetted eyes, some of the forms being 
quite blind, while others have a pair of peculiar lenses in the 
position normally occupied by the compound eyes. Usually 
there are two castes of the workers, and in some species these are 
very different from one another, the mandibles being in the 
larger form very elongate, cylindrical and unfit for industrial 
purposes, while the individuals of the smaller caste have the 
outer jaws shorter, with their edges apposed and coadapted : in 
other species individuals with mandibles diiferentiated from the 
normal form do not exist. The nomad habits of these ants were 
described by Bates, but the detection of their temporary resting* 
phices was reserved for Belt, who found that, after their plundering 
raids, they retired to a place of concealment, and there clustered 
together in a compact mass like a swarm of bees. Belt says : 
"They make their temporary habitations in hollow trees and 
sometimes underneath largo fallen trunks that offer suitable 
hollowa A nest that 1 aime across in the latter situation was 
open at one side. The ants were clustered together in a dense 
mass, like a great swarm of bees, hanging from the roof, but 
reaching to the ground below. Their innumerable long legs 
looked like brown threads binding together the mass, which 
must liave been at least a cubic yard in bulk, and contained 
hundreds of thousands of individuals, although many columns 
were outside, some bringing in the pupae of ants, others the legs 
and dissected bodies of various Insects. I was surprised to see 
in this living nest tubular passages leading down to the centre 
of the mass, kept open; just as if it had been formed of inorganic 
materials. Down these holes the ants who were bringing in 
booty passed with their prey. I thrust a long stick down to 
the centre of the cluster and brought out clinging to it many 
ants holding larvae and pupae.” 

Turning now to the Lalidus question : many American 
species of this genus have long been known, though all of them 
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by the male sox only. The discoveries (to be subsequently 
alluded to) made in tlie Old World as to tlie relations between the 
driver ants and Dorylm raised a suspicion that Lahidus luiglit 
be the male of Eciton, the distinctions in the two cases being 
very analogous : this conjecture has been almost proved to Ihj 
correct by the lecent observations of Hctschko and'^ W. Muller. 
The latter, who observed the temporary nests of Eciton hamatuw^ 
confirms Belt’s statements as to the ants hanging together in 
clumps, like swarms of bees ; he also states that the change from 
one temporary abode to another takes pltu^e at night, though, as 
is well known, the hunting forays of tins ant are carried on in 
the daytime. The periods of migration appear to be determined 
by the time at whicli all tlie larvae have assumed the pupal 
state, this at any rate being the time ehosc^i in the case observed 
by Miiller. This naturalist bagged a part of one of the nests 
by the aid of ether, and found the larger portion to consist of 
pupae; there wei*e also some larvae and eggs; a spcicimeii of 
Titibklm (//. burehelli) was also found on friendly terms with the 
JG(f!^^r>7i-workei*B ; and myrmccophilous Coleopteni were discovered. 
The pupae are enclosed in cocoons. Persistent search failed to 
reveal any female, but the examination was made under great 
difticulties. Muller also states that the earliest pupated larviu^. 

• yield soldiers, the latest the smallest forms of workers. .Fnmi 
observations made by Forel on a pupa, it seems probable that ' 
. a wingless form of male may be found to exist. If there- 
fore, as appears practically certain, Lahidm is the winged male of 
Eciton,\t is probable also that males of more or less worker-like 
fonii exist, as is now known to be the case in some other 
Formicidae. 

We may here notice a peculiar apterous female ant recently 
described by Andr4 under the name of Vsmdodkthadia incerta. 
He thought this might prove to l)e the female of Mciton- 
LaMdm; but his description and figure are imperfect, and do not 
greatly support his idea of a connection between Eciton and 
PseudodictJiadia. 

u. The group Dorylini includes the genua JDoryhts, which wtis 
. founded many years ago for Insects very like Lahidus, As in 
the case of the American Insect named, males only were known; 
two or three allied genera, consisting exclusively of individuals 
, of the sex mentioned, were subsequently described. In the 
VOL. VI N 
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regions inhabited by these males numerous species of blind ants 

are known, but only in the 
worker form, and were, or still 
are, refeiTed to genera called 
Typhlopone and Anomma, No- 
thing that could be considered 
to be a female pertaining to 
any of these Insects was dis- 
covered until Gerstaecker de- 
scribed under the generic name 
Diciluidia an extraordinary 
apterous female unt found in 
tlava, and it was suspected 
tliat it might be the long- 
expected female of the male 
JJori/lm and of the worker 
TypJdopxme or Amvima, This 
remained for many years with- 
out coniirmation, but in 1880 
Trimen announced the dis- 

Africa. A, male; covery ill South Africa of an 
B, female {Ihcthtulia) ; C, worker major *' ^ i 

D, worker minor. (After cnoriiious apterous temale ant, 

allied to Dicthadia; it had 
*^l)een disinterred from a nest of small red ants believed (wrongly) 
to be Anomma, As l^orylvA hiid l)een previously found in con- 
nection with allied worker ants it has since then been clear that 
notwithstanding the enormous differences existing between these 
three forms they may all pertain to one (or to closely allied) 
species. From this summary the student should understand that 
he will find in myrmecological literature many references to two 
or three genera that really belong to one s]:)eeies. ^ 

The workers of the Dorylini at present known are without 
exception quite blind, and are believed to be all of predaceous 
Iiabits ; it is thought by some that they have no fixed abodes, 
but, like the Ecitoniiii, frequently change their residence, and it 
has been suggested that in doing so they make use of the nests 
of other ants as temporary abodes ; all these jjoints are, however, 
still unsettled, and as there are several genera it is not unlikely 
that considerable variety will lie found to prevail. The driver 
ants of Africa, belonging to the genus Anomma, are in some 
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respects similai* to Eeiion in habits, as they enter human habita- 
tions and cause nearly everything else to quit ; it is probtible 
tliat they are also exclusively carnivorous. Savage detected the 
nests of A. areens, but the account he has given of them is too 
vague to permit one to decide whether the assemblages lie saw 
were of a nomad kind. The workt?rs of this species vary greatly 
in size, and Emery has 

recently stated that ^ ^ ^ 

he Ijelieves all the 1 r ^ 

supposed species of ^ 

the genus to be [ 

merely varieties of A. ^ ^ y' ^ ) 

hur7aeisteri. The 

female of the driver Fki. 80. -Body of male of /><//•////« sp. Delagoji Bay. 
iinf-a iu ufill vronotuiii ; />, t\ (livisiouH of iiittsonotiini ; #f, 

ants 18 still quite |„eUiiutiiiii ; e, proiKwleum ; /. lirst abiloiiiiiial sog- 
linkllOWll. A JJorylus ment ; .7, points of iiiKertion of ’nnturior ami pos- 

lias been ascerUiined wings. 

to be the male of Typhlopone, The male Jhn/lttH (Figs. 71), A, 
and 80) is of great interest, for the propodeum is in a more primi- 
tive form than it is in any other petiolate Ilymenopteron known to 
us, while at the same time the pronotum and mesonotum are veiy 
highly developed. The genus TyphhtUa Sm. lias In^en re(!ently 
identified by Wroughton and Forel as the worker-condition of 
wliich Aenwtm is the winged male. The genus Ahurpone will 
probably be found to have some sjHicies of Dorylvn as its 
male. 


The females of the Dorylides are amongst the rarest of Insects, 
and arc also amongst the greatest of natural curiosities. Although 
worker ants and female ants are merely forms of one sex — the 
female — yet in this sub-family of ants they have become so 
totally different from one another in size, form, sttfucturc, and 
habits that it is difficult to peiDuadt^ oneself they can possibly 
issue from similar eggs. In the Insiict world there are but' few 
cases in which males differ from females so greatly as the 
workers of Dorylides do from the females, the phenomena finding 
their only parallel in the soldiers and females of Termites ; the 
mode in which this difference is introduced into the life of the 
individuals of one sex is unknown. The largest of all tlu; 
Dorylides are the African Insects of the genus Rhogvius, Only 
the male is known. 
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The specimens of female Doiylides that have been detec^fed may, 
after fifty or sixty years of research, be still counted on the fingers^ ; 
As the greatest confusion exists in entomological literature 
owing to the fonus of a single species having been described as 
two or three genera, the following summiiry of the principal 
names of genera of Dorylidea may lie useful ; — 

JUeiton = the workers, LaUdus = male : 9 unknown. 

Pseudodicthadid : female only known, possibly that of Eeiton. 

Clhdiomyrmex : workers and soldiers only known. 

Aenictus = the male, Typhlatta = worker : unknown. 

Bhogrtma : male ; female unknown. (According to Emery , 
the worker is veiy small and like Alaopone.) 

Anomma : only worker known ; male probably a Dorylua, 

D(nryhia = male ; IHcthadia = 9 : Alaopone and Typlilopone = 

workers. 

% 

Sub-Fam. 6 . Amblyoponides. — Abdomen deatUute of diatinct 
pedicel ; the articulation between the firat and aecdnd y 
aegmenta behind the true petiole being broad. 

We follow Forel in seijarating AmUyopone and a few allies 
from the Ponerides, because, the abdominal pedicel is more 
imperfect than in any other ants. It is, 
indeed, very difficult to frame a definition 
that will include the Amblyoponides 
among ants, and at the same time sepa- 
rate Formicidae and Scoliidae. Forel con- 
siders the Amblyoponides to approach 
closely to certain divisions of the Scoliidae 
(Thynnides, eg,). Little is known of these 
Insects, thougli tliey are w:idely distri- 
buted. AmUyopone is found in Australia 
and New Zealand ; the allied genus 
Fig. si.— worker, gtigmatomma has a wide distribution, 
occurring even in Europe. The social ’ 
life is believed to be imperfect, and the habits subterranean and 
sedentary. The males and females are winged ; the latter much ' 
resemble the workei^, which are nearly bUnd, and have a con- 
siderable general resemblance to Anom7na iii Dorylides. 

Asaociatioii of Ants with other kinds , of Insects. — We . 
have already alluded to the fact that a few species of ants are . 
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uised by^other species as attendants, and that the two kinds then 
Ijye together quite amicably ; and we have also seen that a few 
ants live in association with other species on terms that ai'e not 
yet understood. One little ant, For>nicoxemi8 niHdidvs, lives 
only in the large nests of Formica rufa; these ants tolerate 
the little Formicoxenm, which so far as is known does tlieiu 
neither good nor harm. There are also a considerable number of 
species of small ants that arc in the habit of choosing the neigh- 
bourhood of larger species for their dwelling-jdaces ; in some 
cases the nests are constructed actually within a portion of the 
edifice of the more powerful species, and the rule then appears 
to be that these neighbours do not molest one aiiotlier. Not- 
withstanding the militant lives that many of them lead, ants 
csuinot he considered as of generally ferocious disposition. 

But the most remarkable i)oint in connection with their 
toleration consists in the fact tliat the nests of many species are 
inliabited by quite a colony of foreign Insects of various Ordera ; 
many of these, 1)eing found nowhere else, are spoken of as anis’- 
iiest or Myrmecophilous Insects.^ The relations of ants with 
other Insects are of the most varied and complex character; 
some of their guests live with them on terms of the most intimate 
association, being indeed absolutely dependent for their existence 
on the good offices of their hosts ; others of the ants’-nest Insects 
are enemies, while others are neutral or indifferent to the ants. 
We have already mentioned that the guests migrate in company 
with their hosts. 

Many species of ants derive a coiisidemble portion of their 
sustenance from the sweet substances excreted by Aphidae. 
Ants may constantly bo seen occupied with clusters of Aphidae, 
and it is said that the ingenious little creatures defend from 
enemies the manufacturers of the sweet-stuff they an) so fond of, 
even going so far as to form barricades and covered places for the 
isolation and protection of this peculiar kind of cattle ; a few 
ants keep some of the root-feeding Aphidae in their nests. 
Coccidae and other Homoptera, which also excrete much matter 
of a sugary nature, are likewise consorted with hy ants ; as are 
also the larvae . of some butterflies of the family Lycaenidoe ; 
these latter being believed to furnish to the ants some substance 

1 A Gatalqaue of Myrmecophilous snd Termitophilous Arthropods was pub- 
lished by Wasmann, Berlin 1894. * 
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Fio. 82. — The beetle, AUffMiea^ soUciiiiiK 
Iboil Arom aii ant. (After Wasiiiaiiii.) 


of a iiutritiouH kind. The Insects we have spoken of ye, how- 
ever, rather of the nature of ant-cattle, and the fondness of th^ 
ants for them is not very remarkable. The relations of the ants 
to tlie peculiar species of Insects that live only in or around their 
nests are much more extraordinary. I'he greater iiuml)er of these 
guests belong to the Order Coleoptera, and of the.se there are many 
hundreds — probably many thousands — of species that depend on 
ants for their existence. The family Pselaphidae furnishes a 
large number of ants’-nest beetles, and it appears probable that 
most of them exci'ete some 
sugary substance of which the 
ants are fond. Many of these 
Pselaphidae are of the most 
fantastic shapes, more especi- 
ally the mcmliers of the sub- 
family Olavigerides. Put the 
most curious of all the ant*s- 
nest beetles arc the Faussidae, 
a family exclusively dependent on ants, and having the curious 
faculty, when disturl)ed, of bomlmrding — that is, of discharging 
a small quantity of vapour or liquid in a state of minute 
subdivision accompanied by a detonation. Many species of 
Staphylinidae are peculiar to ant’s-nests, and most* of them are 
indillercnt or inimical to their hosts, but some of them, such as 
Atefneles (Fig. 82) and Lomecham, are doubtless producers of sweet 
stuff that is liked by the ants. The ants feed some of their special 
favourites amongst these guests in the same manner as they feed 
one another, viz. by opening the mouth, causing a drop of liquid 
to appear on the lip, and remaining passive while the guest 
partakes of the proffered honne honche. This way of giving food 
to other individuals is a most remarkable feature in the character 
of ants ; it is not the same system that they adopt in feeding the 
larvae, for they then make a series of actual movements, and 
force the nutriment into the mouths of the grubs. Besides the 
Insects we have mentioned there are also Orthoptera, Hemiptera, 
Poduridae and Thysanura, Acari, and small Isopod crustaceans 
that live exclusively in company with ants. We have mentioned 
that a few Hymenopterous and Dipterous parasites have been 
detected living at the expense of ants; it is probable that 
closer observation of the ant larvae and pupae in their nests 
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will disclose h greater number of the ptii’usites of this latter 
class. 

Much attention has been given to tlie relations lietween ants 
and their guests by Wasmann.^ He arranges them in four 
categories ; 1, “ Symphily ” for the tnie guests, which are fed and 
tenifed by the ants, the guests often aifording some substance 
the ants delight in ; 2, Metochy/’ the class of tolerated guests, 
being so far as is known not disagreeable to the hosts; 3, 
** Synecthry,” including those Insects, etc., to which the ants 
are hostile, but which nevertheless maintain themselves in the 
midst of their foes ; 4, Pcarasites, dwelling in the bodies of the 
adult, or of the young ants. Many of these ants’-nest Insects 
present a more or less perfect I'eseinblance to the ants in one or 
more points, such as sculpture, colour, size, or form. To these 
resemblances Wasmanu attaches great importance. We should, 
too, notice that some of the inquilines have become acquainted 
with the movements and habits of the ants, and stroke them (as 
the ants do one another) to induce them to disgorge food in the 
manner we have alluded to. According to Janet, ants of the 
genus Lasim are infested by Acari of the genus Antemoplnmis. 
The ants wirry the mites, which assume iwitioiis so as not to 
cause giviiter inconvenience than is inevitable. Moieover, the 
ants give food to tlie mites when requested, and behave in a most 
obliging way to tliem, though theiv. is not any reason for supposing 
that in this case the ants derive any la^nefit from the Syniphily. 

The relations between ants and plants have l)een of late years 
much discussed. We have already briefly alluded to the subject 
when speaking of the Pseudomyrmini. We will hei'e only remark 
that ants frequent plants not only for the purposi? of securing the 
sweet stuff excreted by the Aphidae that live on them, but also 
for the sake of getting the sweet products the plants themselves 
afford. Mr. Aitken, speaking of ants in India, says : '' I have 
come to the conclusion that one of the most important sources of 
food-supply which ants have is tlie sacchariferous glands to l)e 
found at tlie bases of so many leaves.” It is supposed that the 
ants are on the whole beneficial to the plants that thus afford them 
supply ; and this fact is considered by many to afford an adequate 
explanation of the existence of these interesting relations. 

' For a summary of this subject see Wasmaun, Cmigr. intemat. ZooU iii. 1896, 
pp. 411-440. * For ezplanaUon of this term sec vol. v. p. 624. 
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COLEOPTBRA OK BEETLES 

Order V. Ooleoptera. 

Apparently wingless Insects v?Uen at rest^ "but really with four 
uAngs; the dytra, or anterior pair, shelUlihe, reposing 
on the hojcic of the body and fitted together accurately 
along the middle by a straight suture; the posterior pair 
membranous, folded together under the elytra. Mouth with 
mandibles ; lower lip not divided along the middle. Meta- 
morphosis great and very abrupt ; the larva being a gimb or 
maggot, which changes to a pupa {usually soft) in which the 
external structure of the perfect Insect is conspicuous. 

CoLEOPTERA — or Beetles — are chiefly distinguished from other 
Insects by the solidity of their external integument, and by the 
peculiar nature of the first pair of their alar organs, which do 
not serve as instruments of flight, but (iS shells for protecting the 
upper face of the after-body, which, unlike the other parts, remains 
as a rule soft and membranous. These modifications of structure, 
though apparently slight, must be really extremely advantageous, 
for beetles are the predominant Order of Insects in the existing 
epoch. They depart from most other Insects in being less aerial in 
their habits; therefore, notwithstanding their enormous niunbers, 
they do not meet the eye so frequently as flies, bees, or butter- 
flies. The parts of the hard outer skeleton are beautifully 
fitted together, and as their modifications are easily appreciated 
they offer as fioLScinating a subject for study as do the skeletons 
of Vertebrata. The habits of beetles are so extremely varied 
that it is but little exaggeration to say that Ooleoptera are to 
be found everywhere, whra looked for. The number of species 
at present known is probably about 150,000. Of these some- 
where about 3300 liave been found in Britain. The structure 
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of the hard parts of the skeleton is of importance, as the classi- 
fication of this enormous number of species is entirely based 
thereon; it will be readily understood from the accompanying 
diagram (Fig. 83). The general pfojportions of the chief parts 
of^the body call for a few remarks. The protliorax is I'emarkably 
free, and is therefore capable of a much greater amount of move- 
ment independent of the after-body than it is in other Insects. 
The uiesothorax is, on the other hand, niucli reduced ; its chief 
function in the higher forms is . to support the elytra, and to 



FVu. 83. — Umler-siirfoce of a beetle, 
JiarpaliM eatifftHOMts ; legs and 
aiiieiina of one aide, and some parts 
of the mouth reinovcil. A, nn- 
tenpa ; B, iiiainlible ; C, labruni ; 
D, ligula ; E, ]mraglossa ; F, labial 
palp ; O, inner lobe of maxilla ; 
H, outer lobe (palpiform) of 
maxilla ; I, maxillary palp ; K, 
mentuin ; U geiia ; II, giila ; N, 
buccal fissure ; V, plates of ven* 
tral segments. 1, IVosteriium ; 
2, prosteriial episteruiim ; 3, pro- 
sternal cpinieroii ; 4, anterior and 
middle coxal cavities ; 5, infiexed 
side of pronotnm ; 6, inesosteninm ; 
7, mesostemal episterniun ; 8, 
mesostenial epinieroii ; 9, meta- 
sternum ; 10, posterior division of 
luetastemnni or ante-coxal inece ; 
11, nietasternal episterunni ; 12, 
inetasteriial ejnmeron ; 13, epi- 
. pleiiron or infiexed margin of ely- 
tron ; 14, ventral or ambulatory 
setae; 15, trochanter; 16, pos- 
terior coxa ; 17, femur ; 18, tibia; 
19, tarsus. (Modified from I.e- 
conte and Horn.) 


help to keep them together by means of its scutellum. The 
metathorax, on the contrary, is largely developed, except in the 
rather numerous forms that are entirely deprived of powera of 
flight. The composition of the abdomen has been a subject of 
great difference of opinion. Its upper surface is usually entirely ' 
covered by the elytra ; the parts visible on the lower surface are 
called ventral segments, and are usually five in number. Although 
these five plates may constitute all that is superficially visible of 
the abdomen, yet if the elytra are taken off it is found that a larger 
fiumber of segments — usually seven or eight — ^are visible on 
the dorsum. This seeming discrepancy of number between the 
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dorsal and ventral plates is due to two facts; 1, that the 
hind coxae have a great and complex development, so that they 
conceal the true base of the venter, which, moreover, remains 
membranous to a greater or less extent, and thus allows much 
mobility, and at the same time a very accurate coadaptation 
between the hard parts of the venter and the metastemum ^ ; 2, 
that the terminal segments are withdrawn into the interior of 
the body, and are correspondingly much modified, the modifica- 
tion being greater in the case of the ventral than in that of the 
dorsal plates. The anatomy of tlie parts of the abdomen that 
are not externally visible has not heen adequately studied by 
coleopterists, but Verhoeff has iiiaugunited a careful study of 
the comparative anatomy of the terminal segments^; unfor- 
tunately, however, he has not so thoroughly studied the modifi- 
cations at tlie base, and as it is not clear that these are so 
uniform as he has taken for granted, it is possible that his num- 
bering of the segments may have to be in some cases modified. 
The retracted plates or segments are so intimately connected 
with the internal copulatory organs that it is no easy matter to 
interpret them. For the nomenclature of these parts we must 
refer the student to Verhoeff’s later works. He considers the 
abdomen as composed of ten segments, tlie dorsal plates being 
demonstrable, while the tenth ventral plate is usually absent. 
The anal orifice is placed immediately beneath the tenth dorsal 
plate, and above the genital orifice, which lies behind and above 
the ninth ventral plate. Peytoureau admits a diversity in both 
the number of segments and the position of the orifice. These 
studies in comparative anatomy are surrounded with diifieulties, 
and no morphological conclusions based on them can be con- 
sidered as final until they have been confirmed by observation 
of the development of the parts. 

The elytra — or wing-cases — frequently have a remarkable 
sculpture, the use of which is unknown. According to Hpfbauer 
there are between the outer and inner layers, glands secreting a 

‘ An interesting exception occurs in the Malacodcnnidac, where this coadaptation 
is wanting, or is imperfect ; they are frequently considered to be the most primitive 
of existing beetles. 

* In a aeries of memoirs in various German periodicals during the last five or six 
years (see especially DetUsehe eni. Zeit. 1S93 and 1894, also sul6equent years of 
Areh» Natvrges,). It should be noticed that in the course of his studies Verhoeff 
has modified some of his earlier views. 
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fluid that reaches the surface through siiuill pores. Hicks sup- 
posed that he detected nerve cells. Meiuert is of opinion that 
the elytra correspond to the tegulje of Hyiiieuoptera rather than 
to the wings of other Insects, but tlie little evidence that exists is 
not favourable to this view. The two elytra are usually, in repose, 
very perfectly fitted together by a complete coadaptation along the 
middle of the body, so that it is difficult to sepai'atc^ them ; this 
line of junction is called the suture. There ai-e forms in which 
the coaiLiptatiou is quite imperfect (Malacodermuhie) and some 
in which it does not exist at all {Meloe). The wings proper of 
beetles correspond to the posterior pair in other Insects, and are 
much more irregular in nervumtion than those of most other In- 
sects, correlative, it is supposed, with the folding they are subjected 
to in order to get them beneath the wing-i'ases. Thci'o are large 
numbers of species, genera, and groups of genera, all the members 
of which have the wings so much reduced in size as to l)e quite 
useless for ijurposes of flight. Theses forms are called apterous, 
though they are not really so, for the elytra (which are really 
the anterior wings) are present, and even the posterior wings 
are not truly absent in these cases, though they are sometimes 
so extremely rudimentary as to elude all but the most careful 
observation. Tlie number of forms in which the idytra are 
abseUt is extremely small; this condition occurs only in the 
female sex ; it is usually confined to cases in wliich the female 
is larva-like in form; but in the extraordinary Mediterranean 
Lamellicoru genus, Pachypiis, the females are destitute of wings 
and elytra, though the anterior j)arts of the body are normally 
formed : these individuals live underground and rarely or never 
emerge. When the \vings are absent the elytra are frequently 
soldered ; that is to say, united together along the suture by some 
sort of secondary exudation ; this union occurs in every d<Bgrce of 
firmness, and appears to be variable in tlie individuals of one 
species ; probably in accordance with the age of the individual. 
In most beetles the elytra are not only themselves closely con- 
nected, but are also very accurately coadapted with the sides of 
the body, except at the tip. Sometimes a coadaptation occurs 
between the tips of the elytra and the body, but not at the tip of 
the latter. In such cases one or more dorsal plates are left ex- 
posed : the last of such exposed dorsal plates is termed pygidium ; 
a similar plate anterior to the pygidium is culled propygidium. 
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Larvae. — Owing to the difficulty of rearing Coleoptera, less 
is perhaps known of their life-histories tlmn jpf those of other 
Insecta They exhibit, however, extreme diversity correlative 
with the great specialisation of so many beetles to particular 
kinds of life. Most beetles must have exactly the right condi- 
tions to live in. The larvae of many forms are known. They 
are composed of a head, three thoracic segments (usually very 
distinct), and a number of abdominal segments varying from eight 
to ten. Coleopterous larvae are usually described as having nine 
abdominal segments ; and it is but rarely that ten can be readily 
detected ; they are, however, visible in various forms, as is the 
case in tlie form figured (Fig. 84). A gi'eat many of them 
possess a peculiar pseudopod at the underside of the body near 
or at the extremity ; it can in many cases be entirely retracted 
into the body, ahd is generally described as Mug the pro- 
truded termination of the ali- 
mentary canal. Inspection of a 
series of larvae shows that . it 
represents a body segment: it is 
Pio. 84.— Larva of a beetle. Family sometilUCS armed with llOOks. 

Tl>r» p.taof leg, 

hind margin of the large prothondc are often present, but are very 
aegment (Prom La Maasane.) often completely absent. These 

thoracic legs may lie present in the young larva, but not in the 
older {Bruchys), The usual number of spiracles is nine pairs, 
one prothoracic, eight abdominal; but this is subject to many 
exceptions, and niesothoracic and metathoracic stigmata are occa- 
sionally found. The figures we give in the following pages will 
enable the student to form some idea of the variety of form 
exhibited by beetle larvae, 

Pupftion usually takes placti in a cavity in the earth, or 
near the feeding-place, but a great many species form a cocoon, 
composed either of fragments of earth or of wood, and slightly 
cemented together. A few suspend themselves by the tail after 
the manner of butterfly caterpillars (Cassididae, Goccinellidae). 
The pupae are usually extremely soft, their appendages not 
being fastmed to the body. But some pupae (Staphylinides) 
are truly obtected, having a hard shell and the rudimentary 
appendages fastened by exudation to the body, like Lepi- 
dopterous pupae, and otlmrs (Goccinellidae) are intermediate 
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between this state and the normal soft pupa. The pii^ml state 
lasts but a short time, from one to three weeks being tlio usual 
period. The perfect Insect is at first soft and almost colourless, 
and it is often some days before it attains its complete coloration 
and hardness. 

ClaBSiflcation. — Owing to the hardness of the skeleton, beetles 
shrivel but little after death, so that the form and relations of 
the various sclerites can usually be detected with ease. These 
sclerites seem to be remarkably constant (except in the case of 
sexual distinctions) within the limits of each species, and are 
very useful for the formation of genera anil groups of genera ; 
but they vary so much outside the limits mentioned that it is 
very difficult to make use of them for defining the larger groups. 
Hence it is not easy to frame accurate definitions of the 
families, and still less so to arrange tliese families in more com- 
prehensive series. The natuml difficulty has been niucli inci'eased 
by the habit coleopterists have of framing their definitions 
on what is visible without the aid, of dissection. Nevertheless 
considerable progress has been made. We ai*e obliged at present 
to adopt upwards of eighty families ; and wc are able to dis- 
tinguish on positive characters five series; this leaves a large 
number of forms still unclassified, and these we have here 
associated as a sixth scries, which we have called Coleoptera I'uly- 
morpha. This series corresponds with the two* series called in 
books Glavicornia and Serricornia. As it is admitted to Ik) 
impossible to define these two series, we think it much better to 
act accordingly, and to establish for the present a great group 
that can only be characterised by the fact that its members do 
not belong to any of the other five series. No doubt a larger 
knowledge of development, coupled with the advance of com- 
parative anatomy, will ultimately bring about a better ^tatc of 
affairs. The Strepsiptera, with one family Stylopidiie, are only 
provisionally included among the Coleoptera. These six series 
are fairly equal as regards extent. Though the Polymorpha 
includes the larger number of forms, yet a large part of them 
belong to -four great families (Staphylinidae, Buprestidae, Elat- 
eridae, Malacodermidae), which are easily recognisable, so that 
the number of unmahageable forms is not really great. Indeed, 
an ac(j[uaintance with the external anatomy of two or thi'ee 
. dozen species, selected as typical, would enable a student to classify 
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with tolerable certainty the vast majority of species that he 
would subsequently meet with. 

Serifs 1. Lamellicomia , — ^Antennae with the terminal Jpiuts leaf-like (or 
broader than the others, if not actually leaf-like), and capable of 
separation and of accurate apposition. Tarai five-jointed. 

Series 2. Adejthaya — {Carahoidea of some authors). — Antennae never laxneEi- 
foriii, thin at the end ; all the tarsi five-jointed, with the fourth 
joint quite distinct Maxillae highly develojjed, with the outer 
lobe slender and divided into two segments so as to be palpiforiiL 
Alxloiiien with six (or moi'e) ventral segments visible. 

£icries 3. Polyimrjtha . — ^Antennae fi'eqiiently with either a club, i.e, the 
distal joints broader [("lavicoru series of autliom], or the joints from 
the third onwaids more or less saw-like, the serrations being on the 
inner face [Serricorn ^ries of authors]; but these and all the other 
characteis, iiududiiig the number of joints in the feet, very variable. 
Series 4. lleteromera . — Front and middle tarn five-jointed, hind tarsi four- 
. • jointed. Other characters very variable. 

Series 6. Phytoj}haga , — Tarsi four-jointed [apparently], but with a small addi- 
tional joint at the bise of the fourth joint : sole usually densely 
pubescent' [sometinies the feet are bare beneath or bristly, and 
occusionally the small joint at the base of the fourth joint is more 
distinct]. 

Series 6. llkynchtphora , — Head pixilongi*<l in front to fotni a beak ; gula 
indistinguishable. [Palpi usually not evident] Tam four-jointed 
[apparently], but with a very minute additional joint at the 
extivnie laise of the fourth joint. 

Htrepfdptera (see ji. 298). 

The first and second series, with much of the third, form the 
Pentaiiiera, the fifth and sixth the Tctramera [or Pseudotetra- 
inera ^]. The term Isomera was applied by Leconte and Ilorn 
to a combination of series 1, 2, 3, and o. 

Series 1. Lamellicomia. 

Tarsi five-jointed ; antennae with the terminal joints (usually three, 
sometimes more), broader on one side, so as to form a peculiar, 
club, the leaves of tvhich are movable, and in repose are 
more or less perfectly eoadapted so as to have the appearance 
of being but one piece. 

This series includes three families, Passalidae, Lucanidae, and 
Scarabaeidae ; the latter includes an enormous majority of the 
species, and in them the structure of the antennae characteristic 
of the series is well developed ; but in the other two families 
^ We consider this term inferior to Tctramera for nomcnclatorial purposes. 
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the foiTii of the antennae is not so widely different from that of 
other Colebptera. Tlie larvae live on decaying vegetable matter, 
roots or dung. They 
have three pairs of 
legs, and arc thick 
clAiiisy grubs with 
cui'ved bodies, the 
last two segiiients 
being of larger size 
than usual. Many of 
them possess organs 
of stridnlation, and 
the structui’e of their 
spiracles is very 
peculiar, each one 
being more or less 
completely sur- 
rounded by a chitin- 
ous plate. The 
spirticlcs usually form 
a system entirely 
closed, except at the 
moment when the 
skin is shed and the tracheal exuviae are detached. Meinert ' 
considers these spiracles to be organs of hearing. The life of the 
larvae is passed underground or in the decaying wood on which 
the Insect feeda 

Most of the members of this series are n^rnarkable on ac'count 
of the great concentration of the nerve-centres. This is extreme 
in Ithiziitrogus, where there are only two great ganglia, viz. the 
supra-oespphageal and a great ganglion situate in the thorax, 
and consisting of the conjoined iufra-oesophageal, thoracic, and 
abdominal ganglia. According to Brandt^ there are several 
distinct forms of concentration in the series ; th(i Lucanidue only 
jmrticipate in it to the extent that the perfect Insects exhibit 
fewer ganglia than tlie larvae ; the latter possess two ceplialic, 
three thoracic, and eight abdominal ganglia, while the perfect 
Insect has the abdominal ganglia reduced in number to six, and 

^ Danske Selnk. Skr. (6), viii. No. 1, 1895. 

. ‘ florae Soc. ent, ftose. xiv. 1879, p. 15. 


Fig. 85. — Antennae *)f l^nicllieoriiK. 1 , Svtpue infer- 
mptns ; 2 , Liwuivh cenm < 5 ; /tjtfm- 

duinfus 9 ; 4 , Phifcuriis didyvma 9 ; l*tiiyphyUa 
fullo <J. 
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they are placed partially ia the thorax. The diminution in 
number takes place in this case by the amalgamation of the first 
two abdominal with the last thoracic ganglia. 

Fam. 1. Passalidae.- — Lahrum large, mobile ; mentum deeplg 
cut out in the middle for the accommodation of the ligvla ; the 
lameMae of the antenna brought together by the curling up of the 
antenna. The elytra entirely cover the dorsal surfodie of the abdo- 
men. There are four or five hundred species of this family known ; 
they are usually shining-black, unattractive beetles, of large size. 


Pra. 88. — View of one 
Hide of nioso- and 
metathorax of a 
Pasealid li^a from 
Borneo showing tlio 
stridulating organs, 
a, by Portions of the 
metathorax ; c, coxa 
of 2nd leg ; d, striate 
or stridulating area 
thereon ; e, basal 
part of fetiiur of 
middle leg ; /, hairs 
with chitinous pro- 
cess at base of each ; 
p, the diminutive 
Srd leg modified 
for scratching the 
striated area, x 20. 


and are abundant in the decaying wood of tropical forests. They 
are quite absent from Europe, and there is only one species in 
the United States of North America. The larvae are very 
interesting, from the fact that they appear to liave only four legs. 
This arises from the posterior pair being present only as very 
short processes, the function of which is to scrape striated areas on 
the preceding pair of legs and so produce sound. In the species 
figured (Fig. 86) this short leg is a paw-like structure, bearing 
several hard digits; but in other species it is^more simple, and : 
without the digits. The perf^t Insect has also sound-producing; 
o^ns, and Ohaus has suggested the reason why the larvae are 
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fprovided with highlj-developed stridulatory structurea No 
auditory organ is known, unless the peculiar spiracles be 
such. 

Fam. 2. Lucanidae {Sta{i-‘h€etteB).‘^i-Lahru,M indistinct, Jixed ; 
mentum not excised ; antennae not curled in repose^ with hnt little 
eoadaptcdion of the teinninal joints ; the elytra entirely cover the 
dorsal surface of the abdomen The Stag-b^tles are well known . 
on account of the extraordinary development of the mandibles in 
the male sex, these organs being in some cases nearly as long as 
the whole of the rest of the Insect, and armed with projections 
or teeth that give tlie Insects a most formidable appearance. So 
far as we have been able to discover, these structures am put to 
very little use, and in many cases are not capable of being of 
service even as weapons of offence. The males are usually 
very much larger than the females, and arc remarkable on 
account of the great variation in the stature of different indi- 
viduals of the same species ; correlative with these distinctions 
of iiidividual size we find extreme diffeiences in the development 
of the head and mandibles. Moreover, the small male specimens 
exhibit not merely reductions in the size of the mandibles, but also 
show considerable diffemnees in the form of these parts, due, 
in some cases, apparently to the fact that only when a certain 

length of the mandible 
^ is attained is tliere any 

^ J development of certain 

minor projec- 
tions ; in other cases it 
^IgHp is not possible to adopt 
mJBV ^ this view, as the small 
^ mandibles bear as many 

Fio. 87.— Head and prothorax of forms of the male of projections as the large 
a stag-beetle ; Homoeoderus mellyi (Africa). A, forms do, or eveil more. 
Tjarge, Bi, intermediate, C, small forms, (f^in a t t • xi 

photograph i»yR.Oberthur.) In oach species these 

variations fall, in the 
majority of cases, into distinct states, so that entomologists describe 
them as " forms,” the largest developments being called teleodont, 
t^e smallest priodont ; the terms inesodont and amphiodopt being 
Implied to intermediate states. Leuthner, who has examined many 
specimens,* states that in Odontolahis sinensis, no intermediates 
between the teleodont and mesodont forms occur, and ^ as the 
VOL. VI . O 
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Fi(i. 88 . — Sinodendnm cylindricnm, 
A, Larva ; B, pupa. Kew Forent. 


two forms are very different they are liable to be mistaken for 
distinct spines. 

There are at present between 500 and 600 species of stag- 
beetles known ; the Indo-Malayan and Austro-Malayan regions 
being richest in them. Au&tralia possesses many remarkable 
and aberrant forms. In the Cemtognathini — a group well ‘'re- 
presented ill New Zealand as well as 
in Australia — the structure of the 
antennae is like that of the Scara- 
haeidae, rather than of the Luca- 
nidae. The most aberrant form 
known is, however, onr common 
Sinodendron vyliiulrieum ; this de- 
parts ill numerous features from 
other liUcanidae, and instead of 
the mandibles of the male being 
more largely developed, there is a 
horn on the head; it is very- 
doubtful whether this Insect should be allowed to remain in 
the family. Little is known of the habits and development of 
Lucanidm, except in the case of three or four species that are 
common in Europe. 

The common stag-beetle, Lucanm cervus, is our largest British 
beetle. The larva much resembles that of Mdolontha vulgaris, 
.hut attains a larger size, and the anal aperture is placed longitu- 
dinally instead of transversely ; it lives in decaying wood, or eats 
the roots of trees without lieing injurious ; its life' in this state 
lasts about four years.; the pupal period is passed through rapidly, 
and the perfect Insect may remain for months underground 
before it becomes active; this occurs in June and July. This 
larva stridulates by scraping certain hard tubercular ridges on 
the third pair of legs, over a specially adapted rough area at the 
base of the second pair. 

The Passalidae and Lucanidae are united by some authorities 
as a group called Fectinicomia ; the term Lamellicomia being 
then confined to the Scarabaeidae. The Passalidae appear, how- 
ever, to ^be really more nearly allied to the Scarabaeidae than to 
the Lucanidae. 

Fam. 8. Scarabaeidae (Chafers). — leaflets of the antennae 
are well coadapted, and are susceptible of separation. The dytra 
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usually leave the pygidium uncovered. The number of kyisible 
ventral segments is mually six, at the sides seven, md five, as in 
Lueanidae and Passalidm. This is one of the most important 
families of Insects. About 13,000 8]^)e6ies are already known; 
as. some of them are highly remarkable creatures on account of 
the males being armed with horns, they are figured in many 
works on natural histoiy. There is gi'eat variety of form, and 
the following five sub-families may bo adopted, though authorities 
are by no means agreed as to the classification of this extensive 
family, which, moreover, be it remarked, is increasing by the dis- 
covery of about 300 liew species every year. 

Abdominal Hpiiaclea placed in a line on the connecting membranes, and cn- 
tiraly coverc^l by the wiiig-caHes (La])aroHticti). Siib-fam. 1. Copridkm.^ 
Alxlominal Hpiraclea placed aliiKMt in li line, but only the InihsI three on the 
connecting membranes ; the terminal one usually not covenn] by the 
wing-cosi's. Sub-fam. 2. I^Ikloloxthides. 

Alxloniinal spiracles placed in two lines, the 1)nflal three on the connecting 
membranes, the others on the ventml segments (Fleurosticti). 

The claws of the tui'si unequal. Sub-fam. 3. Hutblidrh. 

The claws of the tarsi equal; the front coxae transverse, but little pro- 
minent in the descending axis. Sub-fam. 4. Dynahtides. 

Tlic claws of the tarsi equal ; the front coxae more ])i'ominent, shorter 
transversely. Su1>fam. 5. Cetoniidbh, 

i. The Coprides form an immense group of about 5000 species ; 
they differ somewhat in habits from other I.Amellicorns, inasmuch 
as most of them live on dung, or decaying animal matter ; the . 
sub-family connects with the Lueanidae, so far as superficial char- 
acters go, by means of two of its groups, Trogini and Nicagini, 
the latter being very near to the Ceratognathini in Lueanidae. 
So little is known as to the morphology and development of 
these groups that it is not possible to pronounce an opinion as 
^to the validity of this apparent alliance. I'rox stridulates by 
rubbing two raised lines on the penultimate dorsal segment 
across two striate ribs on the inner face of the elytra ; Qeotrupes, 
on the other hand, produces an audible sound by rubbing together 
a file on the posterior coxa and a fine ridge on the contiguous 
ventral segment. The larva in this genus has a different organ 

' In this sub-family there are numerous forms in which the elytra cover the 
pygidiuni, and in which the number of conspicuous ventral segments is reduced to 
five or even four. We use the term Copridcs as equivalent to the ** Laparosticti '* 
of Lacordaire {Oen, Col, iii. 1856) ; it thus includes the **Coprini” and **Glaphy- 
jini '* of the Catalogue CoUopterorum, vol. iv. Munich, 1869. 
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for staridulation from the imago; it is placed on the sepond and 
third pairs of legs, the latter pair being much reduced in size. 

The most interesting division of the Coprides is the group 
Scaraboeini. No membei; of this group inhabits the British 
islands, but in Southern Europe, and in still warmer lands, these 
Insects are well known from the curious habit many of the sp^ies 
have of rolling about balls of dung and earth. The long hind 
legs are chiefly used for this purpose, and it is on the peculiar 
structure of these limbs that the group has been established. 
Many of the stone Scarabaei found in Egyptian tombs represent 
some kind of Scarabaeini, and it has been said that the ancient 
Egyptians looked on these Insects as sacred because of their 
movements. These must certainly appear very strange to those 
who see them and are unacquainted with their object. It is 
stated that the dwellers in the valley of the Nile thought the 
actions of these Insects, when rolling their balls, were typical of 
the planetary and lunar revolutions; and that the sudden 
ai)pearance of the beetles after a period of complete absence was 
emblematic of a future life. Many accounts have been given 
of the habits of members of this group, but according to Fabre 
all are more or less erroneous ; and he has described the habits 
and life-history of Scaraba^s aacer (Fig. 89), as observed by him 
ill Southern France. Tliese Insects act the part of scavengers by 
breaking up and burying the droppings of cattle and other 
animals. The female Scardbaevs detaches a portion of the dung 
and forms it into a ball, sometimes as large as the fist ; this it 
rolls along by means of its hind legs, by pushing when necessary 
with its broad head, or by walking backwards and dragging the 
ball with its front legs. The strength and patience displayed by 
the creature in the execution of this task are admirable. Fre- 
quently the owner of this small spherical property is joined, so # 
Fabre informs us, by a friend, who is usually of the same sex and . 
assists het in pushing along the ball till a suitable place is reached. 
When this is attained, the owner commences to excavate a cliaml)er 
for the reception of the ball ; sometimes the false friend takes ad- 
vantage of the opportunity thus offered and carries off the ball 
for her own use. Should no disapiiointment of this sort occur, the 
Scaraideua accomplishes the burying of the ball in its subterranean 
chamber, and accompanies it for the purpose of devouring it ; th# 

• feast is continued without intermission till the food is entirely ^ 
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exhausted, when the Scarqbaeus seeks a fresh store of provender 
to be treated in a similar manner. According to M. Fabre's 
account these events occur in the spring of the year, and when 
the hot weather sets in the Scarahaeu8yas&&& through a period of 
quiescence, emerging again in the autumn to recommence its 
labours, which are now, however, directed immediately to the con- 
tinuance of the specif ; a larger subterranean chamber is formed, 
and to this retreat the beetle canies dung till it has accumulated 
a mass of the size of a 



moderate apple ; this mate- 
rial is carefully arranged, 
previous to the laying 
of the egg, in such a 
manner that the grub to 
be hatched from the egg 
shall find the softest and 
most nutritive portions 
close to it, while the 
coai*ser and more innu- 
tritious x)arts are aiTanged 
so as to be readied by the 
grub only after it has 
acquired some strength ; 
lastly, a still moi'e deli- 
cate and nutritive paste 
is prepared by the mother 
beetle for a hrst meal for 
the newly-hatched grub, 
by some of the food Wug 
submitted to a partial digestion in her organs ; finally, the egg 
is deposited in the selected spot, and the chamber dosed. Certain 
of the Coprides exhibit, according to Fabre, some extremely 
exceptional features in their life-historiea The mother, instead 
of dying after oviposition, survives, and sees the growth of her 
young to the perfect state, and then produces another generation. 
No similar case can be pointed out in Insects, except in the Social 
kinds ; but from these the Goprides observed by Fabre differ pro- 
p foundly, inasmuch as the number of eggs produced by the mother 
ia extremely small ; CoprU hispanvst for instance, producing in 
each of its acts of oviposition only one, two, or' three egga 


Fiq. 89 . — SoaraXmeus 9aeer. Portugal. 
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ii. The JISCelolonthides are probably almost as numerous as the 
Coprides, some 4000 species being already known. The, larvae 
are believed to feed chiefly on roots. MdoloiMixt wlgaris^ the 
common cockchafer, is very abundant in some parts of Europe, 
and owing to this and to the great damage it causes, has attracted 
much attention. The memoir by Straus-Durcklieim ' on its 
anatomy is one of the classical works of Entomology. This Tn- 
sect is so injurious in some parts of France that money is paid 
by the local authorities for its destruction. M. Beiset informs 
us tliat under this arrangement 867,173,000 perfect cockchafers, 
and 647,000,000 larvae were destroyed in the Seine-inferieure 
in the four years from the middle of 1866 to 1870. Unlike 
the Coprides, the larval life in Melolonthides is prolonged, and 
that of the imago is of brief duration. Tn Central Europe the 
life-cycle of the individual in M, mdgaris occupies three years, 
though in dry periods it may be extended to four years. In 
Scandinavia tlie time occupied by the development appears to be 
usually five yeara The fertile female enters the ground and 
deposits its eggs in two or three successive batches of about 
fifteen each. The eggs swell as the development of the embryo 
progresses; the larva emerges about five weeks after the eggs 
have been deposited, and is of relatively large size. When 
young the larvae can straighten tliemselves out and crawl, but 
when older they lose tliis power, and when above ground rest 
helplessly on their sides. In the winter they descend deeply 
into the earth to protect themselves from frost. The pupa 
state lasts only a few days, but after the final transformation the 
l)erfect Insect may remain motionless for as much as eight 
months underground before commencing its ^tive life in the air.^ 
In the perfect state the Insect is sometimes injurious from the 
large quantity of foliage it destroys. Schiodte * considered that 
these larvae (and those of numerous other Scarabaeidae) stridu- 
late by rubbing certain projections on the stipes of the maxilla 
against the under-surface of the mandible. These surfaces appear, 
however, but little adapted for the purpose of producing sound. 

iii. The BUTELIDES number about 1500 species ; there are many 


* ConaidiriUimM gtniraies sur Fan€Uomie eomparie dea animaux artieuUa, etc., 
Paris 1828, 4to. xiz. and 486 pp., and Atlas of ten (xx.) plates, and 86 pp. 

* Baspail, M/m. soe» 200 L France^ vi. 1898, pp. 202-218. 

” Ann. aoe. ent. France, (v.) iv. 1874, p. 89. 
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Insects of brilliant metallic colours amongst them, but very little 
is known as to their life-histories. The larvae are very much 
like those of Melolonthides. 

iv. The Dynastides are the smallest division in number of 
species, there being scarcely 1000 known; but amongst them 
we find in the genera DynaMes and Megasorna some of the 
largest of existing Insects. The horns and projections on the 
heads and prothoraces of some of the males of these Insects are 
truly extraordinary, and it does not appear possible to explain 
their existence by any use they are to their possessors. These 
structures are Imt little used for fighting. Baron von Hiigel 
informs the writer that in Java he has observed large numbers 
of Xylotrti;pes gideon; he noticed that the males sometimes cany 
the females by tlie aid of their horns ; but this must be an excep- 
tional case, for the sha^M} of these instruments, in the majority of 
Dynastides, would not allow of their being put to this use. The 
development of these liorns varies greatly in most of the species, 
but he did not find that the females exhibited any preference foi: 
the highly anned males. The fact that the males are very much 
larger than the females, and that the armature is usually confined 
to them, suggests, however, that some sexual reason exists for these 
remarkable projections. Many Dynastides possess organs of stridu- 
lation, consisting of lines of scidpture placed so as to form one or 
two bands on the middle of the propygidium, and brought into 
play by being rubbed by the extremities of the wing-cases. This 
apparatus is of a less perfect nature than the structures for the 
same purpose found in numerous other beetles. We have no 
member of this sub-family in Britain, and there are scarcely a 
dozen in all Europe. Decaying vegetable matter is believed to 
be the nutriment of Dynastides. The European Oryctes nafsioornis 
is sometimes found in numbers in spent tan. The growth and 
development of the individual is believed to be but slow. 

v. The CETONIIDES are renowned for the beauty of their colours 
and the elegance of their forms; hence they are a favourite 
group, and about 1600 species have been catalogued. They are 
specially fond of warm regions, but it is a peculiarity of tha 
sub-family that a large majority of the* species are found in the 
Old World ; South America is inexplicably poor in these Insects, 
notwithstanding its extensive forests. In this sub-family the 
mode of flight is peculiar ; the elytra do not extend down the 
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sides of the body, so that, if they are elevated a little, the wings 
can be protruded. This is the mode of flight adopted by most 
Cetoniides, but the members of the group Trichiini fly in the 
usual manner. In Britain we have only four kinds of Cetoniides ; 
they are called Kose-chafers. The larvae of C.floricola and spme 
other species live in ants’ nests made of vegetable refuse, and it 
is said that they eat the ants’ progeny. Two North American 
species of EuplwHa have similar habits. The group Cremasto- 
chilini includes numerous peculiar Insects that apparently have 
still closer relations with ants.. Most of them are very aberrant 
as well as rare forms, and it has been several times observed in 
North America that species of Cremastochilm not only live in 
'the nests of the ants, but are forcibly detained therein by the 
owners, who' clearly derive some kind of satisfaction from the 
companionship of the beetles. The species of the genus Lomap- 
tera stridulate in a peculiar iiuinner, by rubbing the edges of the 
hind femora over a striate area on the ventral segments. 

Series II. Adephaga or Garaboidea. 

All the tarsi Jive-jointed; anten'ime JiliJorm,or nearly so; mouth- 
parts highly developed, the outer lobe of the maadlla nearly 
idioays divided into a two-jointed palpus ; supports of the 
labial palpi developed as joivls of the palpi, and in some 
cases approximate at their bases. Abdomen unth the exposed 
segments one more in number at the sides than along the 
middle, the number being usually Jive along the middle, six 
at each side. 

This extensive series includes the tiger-beetles, ground-beetles, 
and true water-beetles; it consists of six families, and forms 
a natural assemblage. It is sometimes called Carnivora or 
Filicomia. The exceptions to the characters we have mentioned 
are but few. The supports of the labial palpi are frequently 
covered by the mentum, and then the palpi appear three-jointed ; 
but when the joint-like palpiger is not covered these palps appear 
four-jointed. As a rule, approximation of these supports is indica- 
tive of high development. In some of the lower forms the trophi 
I'emain at a lower stage of development than is usual. This is 
especially the case with the genus Amphizoa, which forms of 
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itself the family Ainphizoidae. The Bombardier-beetles make an 
exception as regards the abdominal structure, for in some of them 
no less than eight segments are visible, either along the middle 
lino or at tlie sides of the venter. In Hydroporides (one of the 
diyisions of Dytiscidae) the front and middle feet have each only 
four joints. Many naturalists unite the Gyrinidae with the 
Adephaga, and a few also associate with them the Paussidae and 
Rhyssodidae ; hut we think it better at present to exclude all 
these, though we believe that both Paussidae and Rhyssodidae 
will ultiimitely be assigned to the series. The larvae are usually 
very active, and have a higher development of the legs than is 
usual in this Order. Their tarsi possess two claws. 

Fam. 4. Oicindelidae {Tiger -beetles). — Glypeus extending 
laterally in front of the insertion of the antennae. Lower lip with 
the palpi usually greatly developed, hut with the ligula and para- 
glossae very much reduced, often scarcely to he detected. Maxillae 
with the outer lobe forming a tioo-jointed palp} the inner lobe 
dongale, furnished at the tip with a hook-like process, which is 
usually articulaled by a joint with the lobe itself. The tiger-beetles 
are very active Insects, running with extreme speed, and some- 
times flying in a similar manner ; they are all predaceous, and 
amongst the most voracious and fierce of the carnivorous beetles, 
so that they well deserve their name. Bates, speaking of the 
Amazonian Megasephala, says their powers of running exceed 
anything 1 have ever observed in this style of Insect locomotion ; 
they run in a serpentine course over the smooth sand, and when 
closely pursued by the hand they are apt to turn suddenly back 
i and thus baffle the most practised hand and eye.” He further 
says that the species he observed (being of diverse colours) 
agreed in colour with the general colours of the " locale they 
inhabit.” The larvae of Oicindelidae live in deep burrows, sink- 
ing more or less vertically into the ground, and in these they 
take up a peculiar position, for which their shape is specially 
adapted; the head and prothorax are broad, the rest of the body 
slender, the fifth segment of the abdomen is furnished on the 
back with a pair of strong hpoks ; the ocelli on the sides of the 
head are very perfect Supporting itself at the top of the burrow 
by means of these hooks and of its terminal tube, the larva blocks 
the mouth of the burrow with its large head and prothorax, and 
^ In Theratides this outer lobe is in a mdimentary state, like a seta. 
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in this position waits for its prey. This consists of Insects that 
may alight on the spot or run over it. When an Insect ventures 
within reach, tlic head of the larva is thrown back with a rapid 
jerk, the prey is seized by the long sharp mandibles, dragged to 
the bottom of the burrow and devoured. The burrows are often 
more than a foot deep, and are said to l)e excavated by the larva 
itself, wiiich carries up the earth on the shovel-like upper surface 
of its head. The female tiger-beetle is endowed with powerful 
and elongate excavating instruments at the termination of the 
body, and it is probable that when placing the egg in the earth 

she facilitates the future opera- 
tions of the larva by forming 
the outlines of tlie burrow. Ex- 
tremely few larvae of Cicin- 
delidao are known, but they all 
exhibit the type of structure 
mentioned above, and apparently 
liave similar habits. Our little 
British Cicindela, most of which 
are so active on the wing, agree 
in these respects with the African 
A ^ species of Manticora, which are 

entirely apterous, and are tlie 

Fio. 90, — CfcfJMfc/a hyhrida. Britain. Cicindelidae. Pei- 

A, lai-vH (after SchiiitUe) ; B, imago, ingucy fouiid a breeding-groutid 

of M, tuhercxdata near Kimberley ; 
the larvae were living in the usual Cicindelid manner; but the 
ground was so hard that he was not able to investigate the 
burrows, and there were but few Insects that could serve as food 
in the neighbourhood. 

The Cicindelidae, although one of the smaller families of Cole- 
optera, now nmnber about 1400 species; of these about one-half 
belong to the great genus Cicindda, to which our four British 
representatives of the Cicindelidae are all assigned. There is no 
general work of much consequence on this important family, and 
its classification is not thoroughly established.^ 

Tiger-beetles display considerable variety of structure, especially 
as regards the mouth, which exhibits very remarkable develop- 

^ The first portion of a classification of Cicindelidae by Dr. Walther Horn, 
RevisUm der Oieindelidm, Berlin, 1898, has appeared since this was written. 
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ments of the palpi and labrum (Fig. 91). The tiger-l)eetle8, 
like most other Insects that capture living pi’ey, do not consume 
their victims cntii'e, but sulraist chiefly on the juices they 
squeeze out of them ; the hard and inhutritious parts are rejected 
af|;pr the victim has been thoroughly lacerated and squeezed ; the 
mouth forms both trap and 
press ; the palpi spread out 
in order to facilitate the 
rapid engulflng of a victim, 
then close up under it and 
help to support it in the 
mouth ; while the labrum 
above closes the cavity in 
the other direction. Tlie 
mouth itself is a large cavity 
communicating very freely 
with the exterior, but so 
completely shut off from the 
following parts of the ali- 
mentary canal that it is 
difficult to find the orifice of 
communication ; the labium 
being much modified to 
form the posterior wall. 

For the capture of the prey, 
always living but of various 
kinds, a mechanism with great holding power and capable of 
rapid action is required. The mouth of the terrestrial MarUicora 
(Fig. 91, B), exhibits great strength ; some of the chitinous parts 
are extremely thick, the mandibles are enormous, the«palpi, how- 
ever, are comparatively low in development. In the arboreal 
genus Pogonoatoma the palpary structures (Fig. 91, A) attain a 
development scarcely equalled elsewhere in the Insect world. The 
great majority of the Cicindelidae are inhabitants of the warmer, 
or of the tropical regions of the world, and very little is known as 
to their life-histories ; they show great diversity in their modes 
of hunting their prey. Some are wingless ; others are active on 
the wing ; and of both of these divisions there are forms that are 
found only on ti'ees or bushea Some, it is believed, frequent 
only the mounds of Termites. The characteristic feature common 


Fm. 91. — Mouth -parts of tiger - beetles. A, 
Profile of l*ogonoatoma sp. (Madagascar) : er, 
antenna; h, labial palp; maxillary palp; 
d, palpiform lobe of maxilla ; f, mandible ; J\ 
labrum. B, flection of heail of MantUntra 
maxillosa (^uth Africa) : a, front of upper 
part of head-capBule ; A, gula ; c, tentorium ; 
dt eye ; e, labrum ; /, left mandible ; f/, max- 
illa ; maxillary pulp ; i, labial i)dp ; A, 
support of this palp ; labium. 
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to all is great activity and excessive wariness. The genus 
Pogonostoma, to which we have already alluded, is confined to 
Madagascar, where the species are numerous, but are rare in 
collections on account of the difficulty of securing them. Eaffray 
informs us that certain species frequent the trunks of trees, ,up 
which they run in a spiral manner on the least alarm. The only 
way he could obtain specimens was by the aid of an assistant ; 
the two approached a tree very quietly from opposite sides, and 
when near it, made a rush, and joined hands as liigh up the 
trunk as they could, so as to embrace the tree, wlien the Pogonos- 
toma fell to the ground and was captured. 

Fam. 6. Oarabidae {Chround-heetles), — Clypeus mt extending 
laterally in front of the antennae. Maxillae with the outer lobe 
destitute of an articulated hook aJt the tip. Antennae covered 
{except the basal joints) with a minute pubescence. Hind legs not 
very different from the middle pair, formed for running, as usual 
in beetles. This is one of the largest and most important of the 

families of Coleoptera, in- 
cluding as it does 12,000 
or 13,000 described 
species. In this country 
Oarabidae are nearly 
entirely terrestrial in 
habits, and are scarcely 
ever seen on the wing; 
many of the species indeed 
have merely rudimentary 
wings; in the tropics 
there are, however, many 
arboreal forms that take 
wing with more or less 
alertness. The larvae (Fig. 
92, A) are usually elon- 
gate in form and run 
freely ; they may be known 
by^ their tarsi ending in two claws, by the exserted, sharp, calliper- 
like mandibles, by the body ending in two processes (sometimes ^ 
jointed) and a tube of varying length projecting backwards. 
The pupae usually have the hind pair of legs so arranged that 
the tips of the tarsi project behind, beyond the extremity of the 
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body. The Oarabidae are caruivorous and predaceous both an 
larvae and perfect Insects ; they attack living Insects, woniiS, or 
other small, soft creatures, but do not disdain dead specimens. 
Some species of Carahus^ found in North Africa where snails 
abound, ai*e specially formed for attacking these molluscs, having 
tlio head long and slender so that it can be thrust into the shell 
of the snail. A few species have been detected eating growing corn, 
and even the young seeds of some Umbelliferae ; these belong chiefly 
to the genera Harpalu%, Zahrus, and Amara, Some species of the 
abundant genera Ptmvstichua and Harpalus, are said to be fond of 
ripe strawberries. The most anomalous forms of Carabidae are the 
Pseudomorphides, a sub-family almost peculiar to Australia, the 
members of which live under bark, and have but little resemblance « 
to other Carabids owing to their compact forms and continuous 
outlines. Tlie genus Mormob/ce is one of the wonders of the Insect 
world on account of the extraordinary shape of its members ; the 
sides of the elytra form large crinkled expansions, and the head 
is unusually elongate. These Insects live on the underside of 
fallen trees in the Malay Archipelago and Peninsula ; no reason 
whatever can be at present assigned for their rcmarkablc shape. 

There are a considerable number of blind members of this 
family : some of them live in caverns ; these telong chiefly to 
the genus Ano'phthalmus, species of which have been detected in 
the caves of the Pyrenees, of Austria, and of North America. 
It has been shown that the optic nerves and lobes, as well as the 
external organs of vision, are entirely wanting in some of these 
cave Carabidae ; the tactile setae have, however, a larger develop- 
ment than usual, and the Insects are as skilful in running as*if 
they possessed eyes. Anophthahwus is closely related to our 
British genus Trechm, the species of which are very much given 
to living in deep crevices in the earth, or under large stones, and 
have some of them very ' small eyes. In addition to these 
cavemicolous Amphthahrms, other blind Carabidae have been 
discovered during recent years in various parts of the world, 
where they live under great stones deeply embedded in the 
earth; these blind lapidicolous Carabidiie are of extremely 
minute size and of most sluggish habits ; the situations in 
which they are found suggest that many successive generations 
are probably pamd under the same stone. Not a single 
specimen has ever been found above ground. The minute 
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Carabids of the genus Aepm, that pass a large part of their 
lives imder stones below high-water mark (emerging only when 
the tide uncovers them), on the borders of the English Channel 
and elsewhere, are very closely allied to these blind Insects, and 
have themselves only very small eyes, which, moreover, according 
to Hammond and Miall, are covered in larger part by a peculiar 
shield.^ A few Carabid^, of the genera Glyptns and OrtliogoniuSy 
are believed to live in the nests of Termites. Savage found the 
larva of G, sculptilis in the nests of Termes hellicosus; it has 
been described by Horn, and is said to bear so great a i*esem- 
blance to young queens of the Termites as to have l)een mistaken 
for them.* Mr. Haviland found Ithopalomelus angusticollis in 
Tennites’ nests in South Africa. Pi5ringuey states that it emits 
a very strong and disagreeable odour. It is probible that it 
preys on the Termites, and this also is believed to be the habit 
of the Ceylonese Hellnod€& taprobanae. Some species of the 
Mediterranean genus Siagoiia stridulate by means of a file on 
the under surface of the prothorax, rubbed by a striate area, 
adapted in form, on the anterior femora. 

A valuable memoir on the classification of this important 
family is due to the late Dr. G. H. Horn ; * he arranges Carabidae 
in three sub-families ; w^e think it necessary to add a fourth for 
Mormolyce : 


1. Middle coxal cavities enclosed externally by the junction of the ineso- and 

iiieta-stemiini ; neither epimeron nor cpisterimm attaining the 
cavity. 

Head beneath, with a deep gi’oove on each side near the eye for 
• the reception of the antennae or a x>ai’t thereof. 

Sub-failL 3. PSKUDOMORPHIDES. 
Head without antennal grooves. Sub-fanL 2. Harfalides. 

2. Middle coxal cavities aitaiiKKl on the outside by the tips of the epistema 

and epimero. Sub-fam. 4. Mormolycidks. 

3. Middle coxal cavities attained on the outside by the tips of the epiinera, 

but not by those* of the episternsi. Sub-fam. 1. Oarabidsb. 

Tliese four sub-families are of extremely different extent and 
nature. Tlie Harpalides are the dominant forms, and include 
upwards of 10,000 known species^ while the various tribes 
into which the sub-family is divided include, as a rule, each many 

^ Natural Hiatory of JnuetBt 1895, p. 376. 

* 2V. Amer, ent. Soe, xv. 1888, p. 18. 

* Op, HL V. 1881, p. 91 ; cf. Sharp, TV. cut, Soe, London, 1882, p. 61. 
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genera ; the Caiabides ai'e next in importance, witli upwards of 
2000 species, but are divided into a comparatively large number of 
tribes, each of which averages a much smaller number of genera 
than do the tribes of Harpalides ; Pseu^lomorphid’es includes only 
about 100 species ; and Mormolycides consists of the single geiiiis 
Mdrmolyce with three species. 

Fam. 6. [ Amphizoidae.! — Antennae destUtite of : 

otUer lobe ef niaxilla not joi'nted; metcbsternum mth a eh&rt 
traTLSveree imjpreseed line on the middle behind. Hind legs slender^ 
mt formed for swimming. This family is limited to the genus 
Amphiwa; the species of 

which may be briefly de- ^ 

scribed as lowly organiseil /ir 

Carabidae that lead an U U 

aquatic life. The geo- 
graphical distribution is 

highly remarkable, there : i i i j ? 

being but three species, two 1 1 i ; j j j | ji; 1 | 

of which live in Western /A j •llli j!i:i •' \\ 

North America, the third ^ u\\ ViJ-j jjlii //) ' 

in Eastern Tibet. The \ 

habits of American Am- fc feii ip \ \ijiy II 

are known ; they pass fjfey / \ 

a life of little activity in ^ yF ® 

very cold, rapid streams; ^ . ... 

. , * . , ^ Fig. 98. — Amphizoa leconiet. North America, 

they do not swim, but A, Larva ; B, imago. 

cling to stones and timber. 

The larva was recently discovered in Utah by Messrs. Hubbard 
and Schwarz:^ it has the same habits as the perfect Insect, 
and in general form resembles the larvae of the genus Cardbus ; 
but it has no terminal tube to the body, the abdomen consisting 
of eight segments and a pair of short terminal appendages ; the 
spiracles are obsolete, with the exception of a pair placed near to 
one another at the termination of the eighth abdominal segment. 
As r^rds the mouth this larva is Garabid, as regards the 
abdomen and stigmata Dytiscid of a primitive type. 

Fam. 7. ■ PelobiidAe.3~^n^8n7ia8 outer 

lobe of ma^la jointed^ metasternum with a short transverse 
impressed line on the middle behind. Hind legs rather slender^ 
' jP. «nt, Soe, IFiuhington, ii. 1892, p. 341. 
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formed far swimming, the tarsi longer than the tibiae. This family 
is limited to the one genus Pelohiue {Hygrobia of some authors), 
like Amphizoa, to which it is in several respects analogous, it 
has a singular geographical distribution; there are only four 
known species, one lives in Britain and the Mediterranean region, 
one in Chinese Tibet, two in Australia. Pelohiue may be briefly 
described* as a Carabid adapted to a considerable extent for 
living in and swimming about in water; differing thus from 



Fig. 94. — Pefobiiis tardm, Britain. A, Yming larva ; B, adult lar\'d ; C, imago. 
(A and B after Hchiudte.) 


Amphizoa, which has no special adaptation for swimming. The 
larva of Pelobuie is remarkable ; it breathes by means of branchial 
filaments on the under surface of the body, the spiracles being 
present, though those of the abdomen ai’e very minute and the 
others small. The head is veiy large, the mandibles are not 
tube-like, the food being taken after the manner of the Carabidae ; 
the 8th abdominal segment ends in three long processes; the. 
small 9th segment is retracted beneath them. The adult Pelohiue 
tardus is remarkable for its loud stridulation. Tlie sound is pro- 
duced by an apparatus described correctly by Charles Darwin ; ^ 

Dtsceni of Man, i. 1890, p. 838 ; The views of Landois and Reoker, Arek.f. 
NaJtvirgoeeh. Ivii. 1, 1891, p. 401, oro erroneous. 
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there is a file on. the inside of the wing-cases, and the Insect 
turns up the tip of the abdomen aiid scrapes the tile therewith. 
The Insects are called sc|ueakers in the Coveut Garden market, 
where they are sold. 

Fam. 8. Haliplidae.^ — Antemme hare, ten --jointed ; meta- 
sternum marked by a transverse line; posterior coxae prolonged 
as plates, covering a large . 

part of the longer surface I ! 

of the abdomen ; the 
slender, hut cluhhed, hind V 

femora move between these ^ 

plates and the abdomen. 

The Haliplidac arc 
aquatic, and are all small, 
not exceeding four or five 
millimetres in length. 

The' ventral plates are 
peculiar to the Insects of ~r— 

this family, but their func- • 

tion is not known. The 
larvae are remarkable on y \ 

account of the fleshy pro- / AJ fl \ 

cesses disposed on their X / jlr Jp|L\i V 
bodies; but they exhibit / I lA w N. 
considerable variety in Sjfc ^ J\ \/\ AUi 
this respect ; their man- | I Y / A V 

dibles are grooved so that \ ' /\\ 

they suck their prey. In i lil|lll|a \ / ' ' \ ^ 
the larva of Haliplus, ^ ^ r 

according to Schiodte, \ I \ r 

there are eight pairs / A \ A n 

abdominal spiracles, but ^ V A 

in Cnemidotus (Fig. 96, ^ 

■D\ 96.— CVimwftrfiM paesus. England. A, Tmago ; 

B), there are no spiracles, ^ larva, highly magnified. (Alter Schiudte.) 

and air is obtained by 

means of a trachea traversing each of the long fil&menta The 
Insects of these two genera are so similar in the imaginal instar 
that it is well worthy of note that their larvae should be distin- 
guished by such important characters Haliplidae is a small 
family consisting of three genera, having about 100 speeies; 
VOL. VI ' P 
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it is very widely distributed. We have 13 species in Britain, 
all the genera being represented. 

Fam. 9. Dytiscidae (^Water-ieetUa). — AntPMTUie hare; hind 
legs formed for swimming, not capable of ordinary walking : meta- 
sternum without a transverse line across it ; behind closely united, 
with the extremely large coxae. Outer lobe of maxilla forming a 
two-jointed palpus. The Dytiscidae, or true water-beetles, are of 
interest because — unlike the acpiatic Neuroptera — they exist in 

water in both the 
larval and imaginal 
instars ; nevertheless 
there is reason for sup- 
X)Osing that they are 
modified terrestrial 
Insects : these reasons 
are (1) that in their 
general organisation 
they are similar to 
the Carabidae, and 
they drown more 
quickly than the 
majority of land 
beetles do ; (2) though 
the Lirvae are very 
different from the 
larvae of terrestrial 

beetles, yet the iiiia- 
Fia. 96 . — Oyhmer roeiteli {^laienmargtniiiiit Qt.) • \ i 

Europe. ^ Larva (after Schicidte) ; B, 6 imago. gllial instars are mUCh 

less profoundly 

changed, and are capable of existing perfectly well on land, and 
of taking prolonged flights through the air ; (3) the pupa is, so 
far as known, always terrestrial. The larvae and imagos are 
perfectly at home in the water, except that they must come to 
the surface to get air. Some of them are capable, however, when 
quiescent, of living for hours together beneath the water, but 
there appear^ to be great diversity in this respect.^ The hind 
pair of legs is the chief means of locomotion. These swimming- 
legs (Fig. 97) are deserving of admiration on account of their 
mechanical perfection; this, however, is exhibited in various 
^ See J. Linn. Soc. Zool, xiii. 1876, p. I6l. 
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degrees, the legs in the genera DytUcus and Hydropoma being 
but slender, while those of Cyhister are so broad and powerful, that 
a single stroke propels the Insect for a considerable distance. 

The wing-cases fit perfectly to the body, except at the tip, so 
as to form an air-tight space 1)etweeu themselves and the Iwiek of 
tlie Insect ; this space is utilised as a reservoir for air. AV^ien 
the Dytiscus feels the necessity for air it rises to the surface and 
exposes tlie tip of the body exactly at the level of the w'ater, 
separating at the Siime time the abdomen from the wing-cases 


so as to open a broad cliink at the spot wliere the parts were, 
during the Insect’s submersion, so well held together as to be air- 


ancl water - tight. The ter- 
minal two psiii's of spirsicles 
are much enlarged, and by 
curving the abdomen the 
beetle brings them into con- 
tact with the atmosphere ; 
respiration is effected by this 
means as well as by the store 
of air carried about under the 



wing - ciises. The air that 
enters the space between the 
elytra and body is shut in 
there when the Insect closes 


Fiu. 97. — Hind- or swiniiiiing-leg of 

trijmnctatm. Ml, T1i« whole leg detaclied ; 
B, the movable parte iu the striking pnei- 
tion. a, Coxa ; A, trochanter ; c, I'eniiir ; 
cf, tibia ; r, last Joint of tarsus. 


the chink and again dives beneath the water. The enlargement 
of the terminal stigmata in Dytiacus is exceptional, and in forms 
more highly organised in other respects, such as Cybuter, these 
spiracles remain minute; the presumption being that in this 
case respiration is carried on almost entirely by means of the 
supply the Insect carries in the space between the elytra and the 
base of the abdomen.^ The structure of the front foot of the male 


Dytiacm, and of many other water-beetles, is highly remarkable, 
the foot being dilated to form a palette or saucer, covered beneath 
by sucker-like structures of great delicacy and beauty ; by the aid 
of these the male is enabled to retain a position on the female for 


many hours, or even days, together. Lowne has shown that the 


' For* many particulars as to respiration of DytUeus^ and peculiarities of the 
larva see Miall, AqwUie Inaeeta, 1896, pp. 39, etc. (In the figure given on p. 60 
the large stigma on the terminal segment of the abdomen is omitted, though it is 
referred to in the text.) 
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suckers communicate with a sac in the interior of the foot contain* 
ing fluid, which exudes under pressure. As the portions of the 
skeleton of the female on which these suckers are brought to 
bear is frequently covered with pores, or minute pits, it is prob- 
able that some correlation between- the two organisms is brought 
about by these structurea The females in many groups of 
Dytiscidae bear on the upper surface of the body a peculiar 
sculpture of various kinds, the exact use of which is unknown ; 
in many species there are two forms of the female, one possessing 
this peculiar sculpture, the other nearly, or quite, without it. 
The larvae of Dytiscidae differ from those of Carabidae chiefly 
by the structure of the mouth and of the abdomen. They are 
excessively rapacious, and are indeed almost, constantly engaged 
in sucking the juices of soft and small aquatic animals, by no 
means excluding their own kind. The mode of suction is not 
thoroughly known, but so far as the details have been ascertained 
they are correctly described, in the work on aquatic Insects, by 
Professor Miall, we have previously referred to ; the mandibles 
are hollow, with a hole near the tip and another at the base, and 
being sharp at the tips are thrust into the body of a victim, and 
then by their closure the other parts of the mouth, which are 
very beautifully constructed for the purpose, are brought into 
fitting mechanical positions for completing the work of emptying 
the victim. Nagel states that the larva of Dytiscus injects a 
digestive fluid into the body of its victim, and that this fluid 
rapidly dissolves all the more solid parts of the prey, so that the 
rapacious larva can easily absorb all its victim except the 
insoluble outer skin. The abdomen consists of only eight 
segments, and a pair of terminal processes ; the stigmata are all 
more or less completely obsolete — according to species — with the 
exception of the pair on the eighth segment at the tip of the ' 
body ; the terminal segments are frequently fringed with hairs, 
that serve not only as means of locomotion, but ^so to float the 
pair of active stigmata at the surface when the creature rises to 
get air. Although the larvae of Dytiscidae are but little *known, 
yet considerable diversity has akeady been found. Those of 
Hyphydrus and some species of Hydroporus have the front of the 
head produced into a horn, which is touched by the tips of the 
mandibles. 

Dytiscidae are peculiar inasmuch as they appear to flourish 
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best in the cooler waters of the earth, Lapland is one of the 
parts of Europe richest in Dytiscidae, and the profusion of species 
in the tropics compared with those of Europe is not nearly so 
great as it is in the case of most of the other families of 
Ooleoptera. About 1800 species are at present known, and we 
have rather more than 100 species in Britain.^ 

Series in. Folymorpha. 

Antenime frequeMtly either thieker at the tijp {cla/vicorn) or sein'ate 
along their imier edge (jserricorn) ; hut these charactei*s, as 
well as the numhei* of joints in the feet and other points, are 
very variable. 

Upwards of fifty families are placed in this series ; many of 
these families are of very small extent, consisting of only a few 
species; other families of the series are much larger, so 
that altogether about 40,000 species — speaking brotidly, about 
oncrfourth of the Goleoptera — ^are included in the series. We 
have already (p. 189) alluded to the fact that it is formed by 
certain conventional series, Glavicomia, Serricornia, etc. united, 
because it has hitherto proved impossible to define them. 

Fam. 10. PaUBsidae. — Antennae of eMraordinary form, usually 
two-jointed, sometimes six- or ten-jointed. Elytra elongate, hut trun- 
cate behind, leaving the pygidium exposed. Tarsi five-joinled. The 
Paussidae have always been recognised as amongst the most 
remarkable of beetles, although they are of small size, the largest 
attaining scarcely half an inch in length. , They are found only 
in two ways; either in ants’ nests,. or on the wing at night. 
They apparently live exclusively in ants’ nests, but migrate 
much. Paussidae usually live in the nests of terrestrial ants, but 
they have been found in nests of Cremastogaster in the spines of 
Acacia fistvlosa. They have the power of discharging, in an 
explosive manner, a volatile caustic fluid from the anus, which is 
said by Loman to contain free iodine. Their relations to the 
ants ^e at present unexplained, though much attention has been 
given to the subject. When observed in the nests they frequently 
appear as if asleep, and the ants do not take much notice of 
them. On other occasions the ants endeavour to drag them into 
the interior of the nest, as if desirous of retaining their company : 

1 For classification and structure see Sharp, “On Dytiscidae," iFci. Trans, R. 
Dublin Soc, (2) ii. 1882. 
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the PauBsm then makes no resistance to its hosts ; if, however, it 
be touched, even very slightly, by an observer, it immediately 
bombards : the ants, as may he imagined, do not approve of this, 
and run away. Notiiiiig has ever been observed that would lead 
to the l)elief that the ants derive any benefit from the presence 
of the Faussi, except that these guests bear on some part of the 
body — frecpiently the great impressions on the pronotum — ^patches 
of the peculiar kind of pubescence that exists in many other kinds 
of ants’-nest beetles, and is known in some of them to secrete a 
substance the ants are fond of, and that the ants have been seen 
to lick the beetles. On the other hand, the 
Faussi have been observed to eat the eggs 
and larvae of the ants. The larva of Pemssus 
is not known,' and Kaffray doubts whether 
it lives in the ants’ nests. There arc about 
200 species of Faussidac known, Africsi, Asia 
and Australia being their chief countries y 
one species, P. favien, is not uncommon 
in the Iberian peninsula and South France, 
and a single species was formerly found in 
Brazil. The position the family should 
Fia. 98. — Pmtwua cepha- occuiiy has been much discussed ; the only 
(After Affray!) forms to which they make any real ap- 

proximation are Carabidae, of tlic group 
Ozaenides, a group of ground beetles tliat also crepitate. Bur- 
meister and others have therefore placed the Paussidae in the 
series Adephaga, but we follow Eaflray’s view (he being the most 
recent authority on the family),* who concludes that this is 
an anomalous group not intimately coiniected witli any other 
family of Coleoptera, though having more affinity to Carabidae 
than to anything else. The recently discovered genus Proto^ 
patissus has eleven joints to the antennae, and is said to come nearer 
to Carabidae than the previously known forms did, and we may an- 
ticipate that a more 'extensive knowledge will show that the family 
may find a natural place in the Adephaga. The description of 
the abdomen given by BaiTray is erroneous ; in a specimen of the 
genus Arthropterus the writer has dissected, he finds that there 

^ Descriptions of larvae that may possibly be those of Paussids have been pub- 
lished by Xambou, Ann, Soe. Linn, Lym, xxxix. 1892, p. 137, and Ericlison, Arch, 
NaturgcBeh, xiii. 1847, p. 276. 

* Ardi, Mua, ParU (2), viii. and ix. 1887. 
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are five ventral segments visible along the middle, six at the 
sides, as in the families of Adephaga generally. There is siiid 
to be a great difference in the nervous systems of Carabidac and 
Faussidae, but so little is known on this point that we ciiimot 
judge whetlier it is really of importance. 

Fam. 11. Gyrinidae {Whirligitj beetles), — Antennae very 
short; four eyes; middle and hhul leys forming short broad 
paddles ; abdomen with six segments visible along the middle, seven 
along eaxh side. These Insects are known to all from their liabit 
of floating lightly on the surface of water, and performing gniceful 
complex curves round 
one another without 
colliding ; sometimes 
they may be met with 
in great congregations. 

They are admirably con- 
structed for this mode 
of life, which is com- 
paratively rare in the 
Insect world; the 
Ilydronietridae amongst 
the bugs, and a small 
number of different 
kinds of Diptcra, being 
the only other Insects 
that are devoted to a 
life on the surface of the 
waters. Of all these, 

Gyrinidae are in their 
construction the most 
adapted for such a 
career. They are able 
to dive to escape danger, 
and they then carry with them a small supply of air, but do not 
stay long beneath the surface. Their two hind pairs of legs are 
beautifully constructed as paddles, expanding mechanically wlien 
moved in the backward direction, and collapsing into an extremely 
small space directly the resistance they meet with is in the other 
direction. The front legs of these In^ts are articulated to the 
thorax in a peculiar direction so that their soles do not look 



Fig. 99. — Larva of Uyvimm (after Schiodte) ; B, 
under siile of Gyrimut sp. (after Gaiigllmiier). 1, 
Prostemum ; 2, anterior coxal cavity ; 3. ineHO- 
thoracic episterniiiii ; 4, uiesoeplnieron ; 5, meso- 
aternum ; 6, metatboracic episternuin ; 7, middle 
coxal cavity ; 8* nivtasterniini ; 9, hind coxa ; 10, 
ventral segments. [N.B. — ^Tlio first ventral segment 
really consists, at eacli side, of two segments unituil ; 
this may be distinctly seen in many Gyrinidae. J 
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downwards but towards one another; hence the sensitive ad- 
hesive surface used during coupling is placed on the side of the 
foot, forming thus a false sole : a remarkable modification other- 
wise unknown in Insects. They breathe chiefly by means of the 
very largo metathoracic spiracles. 

The larvae (Fig. 99, A) are purely aquatic, and are highly 
modified for this life, being elongate creatures, with sharp, 
mandibles and nine abdominal segments, each segment bearing 
on each side a tracheal branchia ; these gills assist to some extent 
in locomotion. The stigmata are quite obsolete, but the terminal 
segment bears four processes, one pair of which may be looked on 
as cerci, the other as a pair of gills corresponding with the pair 
on each of the preceding segments. Tlie mandibles are not 
'suctorial, but, according to Meinert, possess an orifice for the 
discharge of the secretion of a mandibular gland. Gyrinidae 
are chiefly carnivorous in both the larval and irnaginal instars. 
Fully 300 species are known; they arc generally distributed,, 
though wanting in most of the islands of the world except those 
of large size. The finest forms are the Brazilian Enhydrus and 
the Porrorhyivclms of tropical Asia.^ In Britain we have nine 
species, eight of Gyrinus, one of Orectochilus ; the latter form is 
rarely seen, as it hides during the day, and performs its rapid 
gyrations at night. 

The Gyrinidae are one of the most distinct of all the families 
of Coleoptera : by some they are associated in the Adephagous 
series ; but they have little or no affinity with the other mem- 
bers thereof. Without them the Adephaga form a natural series 
of evidently allied families, and wo consider it a mistake to force 
the Gyrinidae therein because an objection is felt by many tax- 
onomists to the maintenance of isolated families. Surely if 
there are in nature some families allied and others isolated, it is 
better for us to recognise the fact, though it makes our classifi- 
cations look less neat and precise, and increases the difficulty of 
constructing " tables.” 

Fam. 12. Hydrophilidae. — Tard five^jointed, the first joint 
in many cases- so small as to he scarcely evident: antennae 
short, of less than eleven joints, not filiform, hut consisting of 

For classiBcation and monograph of the family, see Regimbart, Ann. Soc. ewt. 
Franu, 1882, 1883, and 1886. For a catalogue, S4verin, Ann. Soc. ent. Belgique, 
zxxiii. 1889. 
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three parts, a hosed part of one or two elongate joints, an inter- 
mediate part of two or more small joints, and an apical part of 
larger {or at any rate broader) joints, which are pubescent, the others 
being bare. Outer lobe of maxillae usually complex, but not at 
all^ palpiform, maxillary palpi often very long ; the parts of the 
labium much concealed behind the mentum, the labial palpi very 
widely separated. Hind coxae extending the width of the 
body, short, the lamina interior small in comparison ^oith the 
lamina exterior. Abdomen of five visible segments. The Hydro- 
philidae are an extensive family of l)eetles, unattractive in colours 
and appearance, and much neglected by collectors. A large part 
of the family live in water, though most of them have only 
feeble powers of ac^uatic locomotion, and the beetles appear, 
chiefly to devote their attention to economising the stock of air 
each individual carries about. The best known forms of the 
family are the species of Hydrophilus. They are, how(5ver, very 
exceptional in many respects, and are far more active and pre- 
daceous than most of the other forms. Much has been written 
about Hydrophibis piceus, one of the largest of Britisli beetles. 
This Insect breathes in a most peculiar manner: the spiracles 
are placed near bands of delicate pubescence, forming tracts that 
extend the whole length of the body, and in this particular 
species cover most of the under surface of the body; these 
velvety tracts retain a coating of air even when the Insect is 
submerged and moves quickly through the water. It would 
appear rather difficult to invent a mechanism to supply these 
tracts with fresh air without the Insect leaving tlic water ; but 
nevertheless such a mechanism is provided by the antennae of 
the beetle, the terminal joints of which forui a pubescent scoop, 
made by some longer hairs into a funnel sufficiently large to 
convey a bubble of air. The Insect therefore rises to the sur- 
face, and by means of the antennae, which it exposes to the air, 
obtains a supply with which it surrounds a large part of its 
body ; for, according to Miall, it carries a supply on its back, 
under •the elytra, as well as on its ventral surface. From the 
writer’s own observations, made many years ago, he inclines to 
the opinion that the way in which the Hydrophilus uses the 
’ antennae to obtain air varies somewhat according'to circumstances. 

Many of the members of the sub-family Hydrophilides con- 
struct egg-cocoons. In the case of Hydrophilus piceus, the boat- 
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like structure is provided with a little mast, which is supposed by 
some to be for the purpose of securing air for the eggs. Hdo^ 
chares and Spercheus (Fig. 100) carry the cocoon of eggs attached 
to their own bodies. Pkilydrus constructs,, 
one after the other, a number of tl^ese 
egg-bags, each containing about fifteen 
eggs, and fixes each bag to the leaf of 
some aquatic plant ; the larvae as a rule 
liatch speedily, so that the advantage of 
the btig is somewhat problematic. 

The larvae of the aquatic division of 
the family have been to a cerhiiii extent 
studied by Schiodte and otliers ; those of 
the Sphaeridiidcs — tlie terrestrial group 
of the family — are but little known. All 
the larvae seem to b(5 predaceous and 
cjiriiivorous, even wluni the imago is of 
vegetable -feeding habits ; and Dumeril 
stiittis that in Hydrous carahoidcs the 
ifilpeiT siiVfw'e^orbeetir; alimentary oinal undergoes a great 

metamorphosis, 

ruptured aud some of the becoming - very elongate ill the adult,, 
eggs escaping. tliougli ill thc larva it was short. The 

legs are never so well developed as they are in tlic Adephaga, 
the tarsi being merely claw -like or altogether wanting; the 
mandibles are never suctoriaL The respiratory arrangoments 
show much diversity. Tn most of the. Ilydrophilides the process 
is cfirried on by a piir of tci'ininal spiracles on the eighth 
abdominal segment, as in Dytiscidae, and tliese are either 
exposed or placed in a respiratory chamber. In Berosm the 
terminal stigmata are obsolete, and the sides of the body bear 
long branchial filamenta Cussac says that in Spereheus (Fig. 
101) there are seven paiis of abdominal spiraedes, and that the 
larva breathes by presenting these to the air;^ but Schiodte 
states that in this form there are neither thoracic nor abdominal 
spiracles, except a pair placed in a respiratory chamber on the 
eighth segment of the abdomen, after the manner described by 
Miall as existinj^ in Hydrohuis, No doubt Cussac was wrong in 
supposing the peculiar lateral abdominal processes to be stig* 
' Ann, Soe. ent. France, xxi. 1852, p. 619. 
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matiferous. lii Berosus there are patches of aerifcrous, minute 
pubescence on the body. Tlie pupae of Hydrophilides repose on 
the dorsal surface, which is protected by 
spinous processes on the pronotuin, and 
ou (he sides of the abdomen. 

We have already remarked that this 
is one of the most neglected of the 
families of Coleoptera, and its classifica- 
tion is nob satisfactory. It is usually 
divided into Hydrophilides and Sphaer- 
idiides. The Spliaeridiides are iii largo 
part terrestrial, but their separation from 
the purely aquatic Hydrophilides cannot 
be maintained on any grounds yet pointed 
out. Altogether about 1000 species of 
Hydrophilidae ai^ known, but this pro- 
bably is not a tenth part of those exist- 
ing. In Britain we have nearly ninety 
species. Some taxonomists treat the 
family as a series with the name Balpicornia. The series Phil- 
hydrida of older authors included these Insects and the rarnidae 
and Heteroceridae. 

Fam. 13. Platypsyllidae. — ^This consists of a single species. 
It will be readily recognised from Fig. 102, attention being given 
to the i)eculiar antennae, and to the fact that the mentum is tri- 
lobed behind. This curious species has been found only on the 
beaver. It was first found by Eitsema on American beavers 
{Castor canadeTisis) in the Zoological Gardens at Amsterdam, but 
it has since been found ou wild beavers in the Ehonc in France ; 
in America it appears to be commonly distributed on these 
animals from Alaska to Texas. It is very remarkable that a 
wingless parasite of this kind should be found in both hemi- 
spheres. The Insect was considered by Westwood to be a separate 
Order called Achreioptera, but there can be no doubt that it is a 
beetle. • It is also admitted that it shows some points of resem- 
blance with Mallophaga, the liabits of which are similar. Its 
Coleopterous nature is confirmed by the larva, which has been 
described by both Horn and Eiley.^ Little is known as to the 
food and life-history. Horn states that the eggs are placed on 
' Horn, Tr. Amer. ent Soe. xv. 1888, p. 23 ; Riley, Iimet Life, i. 1889, p. 300. 



Fkj. 101. — Larva of Sperehevs 
emary hiatus, (After 
Scliicidte). 
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the skin of the heaver amongst the densest hair ; the larvae move 
with a siliuous motion, like those of Staphylinidae. It has been 



Fio. 102,—Platypayllwi eastorw. A, Upper »iiic ; B, lower side, with legs of one siilo 
removed ; Gi antenna. (After Westwood.) 


suggested that the Insect feeds on an Acarid, Schizocarpus 
mingaudi ; others have supposed that it cats scales of epithelium 
or hairs of the beaver. 

Fam. 14. Leptinidae. — Antennae 
rather long, deven-jointed, without dub, hut 
a little thicker at the extremity. Eyes absent 
or imperfect. Tarsi fivefointed. Elytra 
quite covering abdomen. Mentvm with the 
posterior angles ^inoudy prolonged. A 
family of only two genera and two species. 
Their natural history is obscure, but is 
apparently of an anomalous nature; the 
inference that may be drawn iirom the 
little that is known being that they are 
parasitic on mammals. There is little or 
. nothing in their structure to indic&te this, 
except the condition of blindness; and 
Fig. uooMua. recently the Insects were classified 

amongst Silphidae. Leptinus tesiacetui 
(Fig. 103) is a British Insect, and Insides occurring in Europe 
is well known in Nortli America. In Europe it has been found ^ 
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in curious places, including the nests of mice and bumble-bees. 
In America it has been found on the mice themselves by Dr. 
Byder, and by Biley in the nests of a common field-mouse, 
together with its- larva, which, however, has not been described. 
Th^ allied genus Leptinillns is said by Biley to live on the 
beaver, in company with Platypsyllus} It lias been suggested 
tliat the natural home of the Leptinm is the bee’d nest, and 
that perhaps the beetle merely makes use of the mouse as a 
means of getting from one nest of a bumble-bee to another. 

Fam. 16. Silphidae. — The inentum is usually a transverse 
plate, having in front a membranous hypoglottis, which bears the 
exposed labial palpi, and immediately behind them the so-called 
bilobed ligula. The anterior coxae are conical and contiguous: 
prothoracic epimera and episterna not distinct. Visible abdomi- 
'Hal segments usually five, but so'metimes only f out, or as many as 
seven. Tarsi frequently five-jointed, but often with one joint less. 
Elytra usually covering the body and free at the tijis, but occasion- 
ally shorter than the body, and even truncate behind so as to expose 
from O'ne to four of the dorsal plates; hut there are at least three 
dorsal plates in a menibraTious condition at the base of the ahdoihen. 
These beetles are extremely diverse in size and form, some being 
very minute, others upwards of an inch long, and there is also 
considerable range of structura In this family are included 
the burying-beetles (Necrophorus), so well known from their habit 
of making excavations under the corpses of small Vertebrates, 
so ais to bury them. Besides these and Silpha, the roving 
carrion -beetles, the family includes many other very different 
forms, amongst them being the larger part of the cave-beetles 
of Europe and North America. These belong mostly to the 
genera Bathyscia in Europe, and Addops in North America ; but 
of late years quite .a crowd of these eyeless cave-beetles of the 
group Leptoderini have been discovered, db that the European 
catalogue now includes about 20 genera and 160 species. The 
species of the genus Catopomorphus are found in the nests of 
ants cff the genus Aphaenogaster in the Mediterranean region. 
Scarcely anything is known as te the lives of either the cave- 
Silphidae or the myrmecophilous forms. 

The larvae of several of the larger forms of Silphidae are well 
known, but very little has been ascertained as to the smaller forms. 

1 Insect Life, i. 1889, pp. 200 and 806. 
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Those of the burying-beetles have spiny plates on the back of the 
body, and do not resemble the other known forms of the family. 
The rule is that the three thoracic segments are well developed, 
and that ten abdominal segments are also distinct; the ninth 
abdominal segment bears a pair of cerci, which are sometimes 
elongate. Often the dorsal plates are harder and better developed ’ 
than is usual in Coleopterous larvae. This is especially the case 

with some that are en- 
dowed with great powers 
of locomotion, such as 8. 
ohscura (Fig. 104). The 
food of the larvae is as a 
rule decomposing animal 
or vegetable matter, but 
some are predaceous, and 
attack living objects. 
The larger Silpha larvae 
live, like the Neero- 
phorm, oil decomposing 
animal matter, but run 
about to seek it ; hence 
many specimens of some 
of these large larvae may 
sometimes be found amongst the bone^ of a very small dead bird. 
We have found the larva and imago of 8, thoracica in birds' nests 
containing dead nestlings. 8, atrata and 8. laevigata make war 
on snails. 8. lapponica enters the houses in Lapland and ravages 
the stores of animal provisions. 8, opaca departs in a very 
decided manner from the habits of its congeners, as it attacks 
beetroot and other similar crops in the growing state ; it is 
sometimes the cause of serious loss to the growers of beet. The 
larvae of the group Anisotomides are believed to be chiefly 
subterranean in habits ; that of A, cinnamomea feeds on the 
truffle, and the beetle is known as the truffle-beetle. 

The number of species of Silphidae known must be at present 
nearer 900 than 800. Of these an unusually large proportion be- 
long to the European and North American regions; Silphidae being 
apparently far from numerous in the tropics. Bather more than 
100 species are natives of Britain. The family reappears in con- 
siderable force in New Zealand, and is probably well represented 



Fi(}. 104. -A, Larva of SUplui obacum. Europe. 
(After Schiodte). B, Ptomnphila ktctyinoaa, 
AuMtralia. 
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in South Australia and Tasmania. The most remarkable form 
known is perhaps the Australian genus Ptomaphila (Fig. 104, H). 
The classification of the family is due to Dr. Horn.^ The 
only change of importance that has since been suggested is 
the removal of Sphaerites from this family to Synteliidae. 
Anisotomidae and Clambidae have been considered distinct 
families, but are now included in Silphidae. 

Fam. 16. Scydmaenidae. — Minute Insects allied to Silphidae, 
hut with the hind coxa^ separated, and the faeets of the eyes coarser ; 
the tarsi are five-jointed ; the nninher of visible abdominal segments is 
•six. These small beetles arc w'idely spread over the earth’s surface, 
and about 700 species are now known, of which we have about a 
score in Britain ; many live in ants* nests, but probably usually 
rather as intruders tlian as guests that have friendly relations 
with their hosts. Nothing is known as to their life-liistories, but 
the food of the imago, so far as is known, consists of Acari. Mastigus 
is a very aberrant form, found in moss and dead leaves in Southern 
Europe. By means of Brathinus the family is brought very near 
to Silphidae ; Casey, however, considers Brathinus to belong to 
Staphyliuidae rather than to Scydmaenidae. The South Eiimpean 
Leptomastax is remarkable on account of the slender, long, sickle- 
shaped mandibles. The Oriental genus Clidieus is the largest and 
most lemarkable form of the family ; it has a very slender neck 
to its broad head, and is more than a quarter of an inch long. 

Fam. 17. Onostidae. — Minute Insects with three-jointed 
anten7Me,five-jointed tarsi, and three apparent ventral segments, the 
first of which, however, is elongate, and consists of three united 
plates. Elytra entirely covering the after-body. The family con- 
sists of two species which have been found in the nests of ants, 
of the genus Cremastogaster, in Brazil.^ 

Fam. 18. Pselaphidae. Very small Insects ; the elytra much 
abbreviated, usually leaving as much as half the abdomen uncovered ; 
the ma/xillary palpi usually greatly developed, and of a variety of 
remarkable forms; the segments of the abdomen not more than 
seven m number, with little or no power of movement. Tarsi with 
nat more than three joinls. These small Coleoptera mostly live in 
the nests of ants, and present a great diversity of extraordinary 

* Tr. Amer. enJt. Soe. viii. 1880, pp. 219-321. 

® Westwood, Tr. ent. Soe. London (N.S.) iii. 1855, p. 90; Wasmann, Krit. 
Verzeiehniss Myrmekoph. Arthropod,. 1804, p. 121. 
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shapes, and very peculiar structures of the antennae and maxilllary 
palpi. Owing to the consolidation of some of its segments, the 
abdomen frequently appears to have less than the usual number. 
In the curious sub-family Glavigerides, the antennae may have 
the joints reduced to two or even, to all appearance, to one ; the 
tarsi suffer a similar reduction. There are about 2500 species of 
Pselaphidae known ; many of them liave never been found outside 
the ants’ nests ; very little, however, is known as to their natural 
history. It is certain that some of them excrete, from little 
tufts of peculiar pubescence, a substance that tlie ants are fond 
of. The secretory patches arc found on very different parts of 
the body and appendages. Claviger testaeem is fed by the ants 
in the same way as these social Insects feed one another ; the 
Claviger has also been seen to eat the larvae of the ants. They 
ride about on the backs of the ants when so inclined. The 
family is allied to StaphyUnidae, but is easily distinguished by 
the rigid abdomen. Only one larva — that of Chennium lituber- 
culatum — is known. It appears to be very similar to the larvae 
of StaphyUnidae. The best account of classification and structure 
is that given by M. Achille Baffray,' who has himself discovered 
and described a large part of the known species. 

Fam. 19. Staphylinidae. — Elytra very short, leaving always 
some of the ahdomiruxl segments exposed, and covering usually ordy 
two of the segments. Abdomen vmiolly dongate, with ten dors^, and 
seven or eight ventral segments ; of the latter six or seven are umally 
exposed ; the dorsal plates as hard as the ventral, except sometimes 
in the case of the first two segmevUs; the segments very mobile, so 
that the abdomen can he curled upwards. The number of tarsal 
joints very variable, of ten five, but frequently as few as three, and 
not always the same on all the feet. StaphyUnidae (formerly called 
Brachelytra or Microptera) is one of the most extensive of even 
the great fiamiUes of Coleoptera ; notwithstanding their diversity, 
they may in nearly all cases be recognised by the more than 
usually mobile and uncovered abdomen, combined with the fact 
that the parts of the mouth are of the kind we have mentioned 
in Silphidae. The present state of the classification of this 
family has been recently discussed by Ganglbauer.® At present 

* lUe. tiU.fnvM. ix. 1890. 

DU KSfer von MitUUuropa : II. FomilUnreihe, Slaphylinoidea. Vienna, 1895 
and 1899. 
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about 9000 species are kuown> some of which are minute, while 
scarcely any attain a size of more than an inch in length, oiir 
common British black cock-tail, or “ devil’s coach-horse beetle,” 
Ocypvs olens^ being amongst the largest. Though the elytra 
are short, the wings in many forms are as large as those of 
the majority of beetles ; indeed many Staphylinidae are more 
apt at taking flight than is usual with Colcoptera ; the wings 
when not in use are packed away under the short elytra, 
being transversely folded, and otherwise crumpled, in a com- 
plicated but orderly manner, 
of curling up the abdomen is 
connected with the piicking 
away of the wings after flight ; 
but this is not the case: for 
though the Insect sometimes 
experiences a difticulty in fold- 
ing the wings under the elytra 
after they have Ijeen exiMinded, 
yet it overcomes this difticulty 
by slight movements of the base 
of the abdomen, rather than 
by touching the wings with 
the tip. What the value of 
this exceptional condition of 
short elytra and corneous dorsal 
abdominal segments to the 
Insect may be is at present 
quite mysterious. The habits 
of the meml)ers of the family 
are very varied; many run with great activity; the food is 
very often small Insects, living or deatl; a great many are 
found in fungi of various kinds, and perhaps eat them. It ir 
in this family that we meet with some of the most reiiiarkuhhi 
cases of symbiosis, i,e. lives of two kinds of creatures mutually 
accommodated with good wilL The relations between the 
Staphylinidae of the genera Atemdes and Lomechma, and certain 
ants, ill the habitations of which they dwell, are very interesting. 
The beetle are never found out of the ants’ nests, or at any rate 
not very far from them. The most friendly relations exist between 
. them and the ants : they have patches of yellow hairs, and these 
VOL. VI Q 


It is thought that the ^xiwer 



Fig. 105. -Staphylinidae. A, LarvaofPAi’ 
ItmltiuH nitUliis, Britain. ( A fter Soli iodte. ) 
B, Ocypna tAens, Britain ; G, tip of aUlo- 
inen, of 0. ttlem with etiuk-ves-sels. 
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apparently secrete some substance with a flavour agreeable to the. 
ants, which lick the beetles from time to time. On the other 
hand, the ants feed the beetles ; this they do by regurgitating 
food, at the request of the beetle, on to their lower lip, from which 
it is then taken by the beetle (Fig. 82). Tiie beetles in many 
of their movements exactly resemble the ants, and their mode 
of requesting food, by stroking the ants in certain ways, is quite 
ant-lika So reciprocal is the friendship that if an ant is in 
want of food, the Lomechvm will in its turn disgorge for the 
benefit of its host. The young of the beetles are reared in the 
nests by the ants, who attend to them as carefully as they do to 
their own young. The beetles have a great fondness for the 
ants, and prefer to sit amongst a crowd thereof; they are 
fond of the ants’* larvae as food, and indeed eat them to a 
very largo extent, even when their own young are receiving 
food from the anta The larva of Lornechum, as described by 
Wasmann (to ‘whom we are indebted for most of our knowledge 
of this subject),^ when not fully grown, is very similar to the 
larvae of the ants; although it possesses legs it scarcely uses 
them : its development takes place with extraordinary rapidity, 
two days, at most, being occupied in the egg, and the larva 
completing' its growth in fourteen daya Wasmann seems to be 
of opinion that the ants scarcely distinguish between the beetle- 
larvae and their own young ; one unfortunate result for the beetle 
follows from this, viz. that in the pupal state the treatment that 
is suitable for the ant -larvae docs not agree with the beetle-, 
larvae : the ants are in the habit of digging up their own kiivd 
and lifting them out and cleaning them during their meta- 
morphosis; they also do this with the beetle-larvae, with fatal 
results; so that only those that have the good fortune to„ be 
forgotten by the ants complete their development. Thus from 
thirty Loyruchusa larvae Wasmann obtained a single imago, and 
from fifty Atemeles larvae not even one. 

Many other Staphylinidae are exclusively attached to ants’ 
neats, but most of them are either robbers, at warfare with the 
ants — as is the ease with many species of Myrmedonia that lurk 
about the outskirts of the nests — or are merely tolerated by the 
ants, not receiving any direct support from them. ^The most. 

; / ^ VergUidi£ndB StudUn aber Aimisengaste^ 1890; and Tijdaekr, eni, 

sqqciii. 1890, pp. 93, etc. ; Biol. C^ralbl zv. 1895, p. 632. 
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remarkable Staphylinidae yet discovered are some vivipiSous 
species, forming the genera Cdirotoca BXid Spiraehtha, that have 
very swollen abdomens, and live in tlie nests of Termites in 
Brazil:^ very little is, however, known about them. A veiy 
large and powerful Staphylinid, Velleim dilatatus, lives only in 
the nests of hornets and waspa It has been supposed to a 
defender of the Hyinenoptera, but the recent observations of 
Janet and Wasmann make it clear that this is not the case : the 
Velleius has the power of making itself disagreeable to the 
hornets by some odour, and they do not seriously attack it. The 
Velleius hnds its nutriment in larvae or 
pupae of the wasps that have fallen from 
their cells, or in other organic refuse. 

The larvae of Staphylinidae are very 
similar to those of Garabidae, but their 
legs are less perfect, aiid‘are terminated 
only by a single claw ; there is no dis- 
tinct labrum. The x>upae of some are 
obtected, i.e. covered by a secondary exu- 
dation tliat glues all the appendages 
together, and forms a hard coat, as in 
Lepidoptera We have about 800 species 



of Staphylinidae in Britain, and it is prob- 
able that the family will prove one of the 
most extensive of the Order, It is prob- 
able that one hundred thousand species 
or even more are at present in existence. 

Fain. 20. Sphaeriidae. — Very 
minute. Antennae eleven-jointed^ clubbed. 

. I'arsi three-jointed. Abdomen with only 
three visible ventral segments. This family 
includes only three or four species of In- 
sects about of an inch long. They are 
v^ry convex, and may be found walking 
on mud. 8. ewaroides occurs in our feiia 
Mr. Matthews considers that they are 
most nearly allied to Hydrophilidae.^ 



Fio. 106. — Trichjojiteryx /awt- 
culariH. Britaiu. A« Out- 
line of perfect Iiieect ; B, 
pai't of upiMsr durface ; 
larva from tide ; D, from 
above ; E, pupa ; F, ivlng ; 
Q, natural size of imago. 


FanL* 21. Trichopterygidae.* — Extremely minute: antennae 


Sohiodte, Ann. SeL Nat. Zaol. (4) 1867, p. 169. 

* Biol. CmUr. Amor. CiA. it pt. t 1888, p. 166. 
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elavieorn (hascU and apical Joints thicker than middle joints) ; tarm 
three-jointed ; elytra sometimes edvering ahdomen, in other cases 
leaving a variable number of segments escposed ; wings fringed. 
This family comprises the smtillest Insects ; Nanosdla fungi being 
only of an inch long, while the largest Trichopterygid is 
only -jJg- of an inch. The small size is not accompanied by any 
degeneration of structure, the minute, almost invisible forms, having 
as much anatomical complexity as the largest Insects. .Very little 
is known as to the natural history. Probably these Insects exist in 
all parts of the world, for we have about eighty species in England, 
and Trichopterygidae are apparently numerous in the tropics.^ 

Fam. 22. Hydroscaphidae. — Extremely minute aquatic Insects^ 
with elongate abdomen. Antennae eight -jointed. The other 
characters are much the same as those we have mentioned for 
Trichopterygidae. The family is not likely to come before the 
student, as only three or four species from Southern Europe and 
North America am known.^ 

Fam. 23. Oorylophidae. — Minute beetles. Tarsi four-jointed^ 
hut appearing only three-jointed, owing to the hind joint being 
concealed, by the emarginate (or watched) second joint. Six free 
ventral segments. Maxillae with only one lobe, Antenimej)f 



peculiar form. There are about 
200 species of these little Insects, 
but the family is apparently repre- 
sented all over the world, and will 
probably prove to bo much more 
extensive. The peculiar larva of 
Orthoperus brunnipcs was founds 
abundantly by Perris in thatcli in 
France. Mr. Matthews proposes 
to separate the genus Aphanoceph- 
alus as a distinct family, Pseudocory- 


Pio. 107. -A, Larva of Orthoperus lophidae.® In Corylophidae the 

5^ «1"8» «» mth tog Ito., 

as is the case in so many small 


Insects : the species of Aphanocephalus are rather larger Insects; 


and the wings are not fringed ; the tarsi are only three-jointed. 


^ Monograph, Triehoptwygia by A. Matthews, London, 1872. 

* For farther information refer to Matthews, An Essay on Hydroscapha, London, 
1S76, 20 pp. 1 pi. * Ann, Nat, JOst, (5) xix. 1887, p. 116. 
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Fuj. 1 08 . — ScajihiJtoMa ngari'- 
einum. Britain. A 
iArva (after PerriR) ; B 
l)erfect Insect. 


Fam. 24. Scaphidiidae. — I^ont coxae small, conical; prothorax 
very closely applied to the after-body ; hind coxae transverse, mdely 
separated: abdomen with six or seven visible ventral plates; 
antennae at the extremity with about ^ Jive joints that become 
gradually broader, 'farsi jive-jointed. This family consists of a 
few beetles timt live iu fungi, and run with extreme rapidity ; 
they are all small, and usually rare iu collections. Some of the 
exotic forms are remarkable for the ex- 
treme tenuity and fragility of tlie long 
antennae, which bear fine hairs. The 
number of descrilied species does not at 
present i-each 200, but the family is very 
widely rlistributed. We have thi*ee or 
four species in Britain. All we know of 
the larvae is a description of that of 
Scajyhisoma agaricinum by Perris;^ it is 
like the Larva of Staphylinidae, there are 
nine abdominal segments in addition to a 
very short, broad pseudopod, and very short 
cerci. This larva feeds on agarics ; it goes through its development 
in about three weeks ; unlike the adult it is not very active. 

Fam. 26. Synteliidae. — Antennae clavicorn, with very large 
club : labium, with hypoglottis and the p^arts beyond it, exposed. 
Front coxae transverse. Abdomen with five visible ventral segments, 
aiul eight or nine dorsal, the basal four of which are semi-cormous. 

This family includes only five species; its clas- 
sification has given rise to much difierence 
of opinion. We have, after consideration 
of all its characters, established it as a 
distinct family^ allied to Silphidae. The 
perfect Insects live cm the sap running from 
trees: but nothing else is known of their 
natural history. Like so many others of 
the very small families of aberrant Cole- 
optera, nt has a very wide distribution ; 
Fig. 109.— loerf- Syntelia being found in Eastern Asia and 

iffoodi. Mexico. (From Mexico, while the sub-family Sphaeritides 
BM. Ceutr. Avier.) ... • v j 

occurs, as a single- species, in Europe and 
North America. The earlier instars are unknown. 

’ Larves de CoUoptirtB, 187^ p* 1 Ir pl- tiiol. Centr. Amcr. Col. ii. pt. i. p. 438. 
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Fam. 26 . Histeridae.— compact beetles, with very hard 
integument, short, herd antennae, with a very compact club: no 
hypoglottis. Elytra closely applied to body, hut straight behind, 
leaving two segments exposed. Abdomen with Jive visible ventral 
segments; with seven dorsal segments, all hard. Front coipae 
strongly transverse, hind coosae widely separated. The extremely 
compact form, and hard integument, combined with the peculiar 
antennae — consisting of a long basal joint, six or seven small 
joints, and then a Veiy solid dub of three joints covered with 



Fio. 110 . — PloAyaoma dtprmum. Europe. 
A, Larva (t^er SchiMte) ; B, perfect 
Insect 


minute pubescence — render 
these Insects unmistakable. The 
colour is usually shining black, 
but tliere are numerous depar- 
tures from this. The way in 
which these Insects are put 
together so as to leave no chink 
in their hard exterior armour 
when in repose, is very remark- 
able. The mouth -parts* arc 
rather highly developed, and 
the family is entitled to a high 
rank ; it consists at present of 
about 2000 species ; ^ in Britain 
we have about 40. The larvae 
ai*e without ocelli or labruih, 
but have well-developed mandi- 
bles, the second and third 


thoracic segments being short, 
the ninth segment of the abdomen terminal, with two distinctly 
jointed cerci* Histefidae are common in dung, in cajrcases, decay- 
ing fungi, etc., and some live under bark — these being, in the 
case of the genus Hololepta, very flat.' Some are small cylinders, 
elaborately constructed, for entering the burrows of Insects in 
wood (JTrypanaevs) ; a certain number are peculiar to ants' nests. 
Formerly it was supposed that the Insects were nourished on 
the decaying substances, but it is now believed, with good reason, 
that they are eminently predaceous, in both larval and ^Tnag^nft^ 


' The fi^ily was monographed by the Abb4 de Marseul in Ann. Soe, erU. FrascBp 
li^3«1862, but great additions have been made ainop then. 

* For characters of larvae of vario^ genera, see Perris, Larses, ete. p. 24. 
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ii^tars, and devour the larvae of Diptera, etc. The relatione of the 
ants’-nest forms to the ants is not made out, but it is highly probable 
that they eat the ants’ Lirvae, and funiish the ants with some 
dainty relish. A few species live in coxhpany with Termites. 

• iPam. 27. Phalacridae. — very comjmct; dyira entirely 
coveHny it; apical joints of antemiae rather 
^ f hroadeQ\ mu^illy long ; front coxae glolndar ; 
M \r^ j poste^'ior coxae contiguous ; abdomen with 
five visible ventral segments; tarsi five- 
ifUL^ fourth joint mnally small and 

ohscvre. This family consists entirely of 
small Insects: the tarsal structure is very 
aberrant, and is also divei*8C, so that the 
student may without careful observation 
Fia.^ 111. — (Vi&n/A hicolor. pass the lusects over tis having only four- 
jointed tarsi; their structure, so far us 
the front two pairs are concerned, being 
very nearly that of many Pliytophaga. The larvae live in the 
heads of flowers, especially of the flowers of Compositae. Having 
bored their way down the stems, they pupate in earthen cocoons. 
Heeger^ says that he has observed in favourable seasons six 
generations ; ' but the larvae die readily in unfavourable seasons, 
and are destroyed in vast numbers when the meadows are 
mowed. Seven years ago very little was known os to the family, 
and the list of their species scarcely amounted to 100, but now 
probably 300 are descril^ed. They occur in all parts of the 
world ; we have fourteen in Britain. 

Fam. 28. Nitidulidae. — Antennae with a three-jointed club ; 
all the coxae separated, and each with an external prolongation ; 
tarsi five-joinied, the fourth joint smaller than any of the others ; 
abdomen with five visible plates. These. Insects are numerous, 
about 1600 species being at present known; in many of them 
the elytra nearly or quite cover the hind body, but in many 
others they are more or less abbreviated; in this case the 
Insectrf may be distinguislied from Staphylinidae by the form 
of their antennae, and the smaller number of visible ventral seg- 
ments. The habits are very varied, a great many are found on' 
flowers, others 'are attracted by the sap of trees ; some live in 
carcases. We have about 90 species in Britain ; several forms of 
^ SB, Ale, WUn, xxW, 1857, p. 830. 
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the genera Meligethea and Epwram are among the most abundant 
of our beetles. Most of what is known as to the larvae is 
due to Perris ; several have been found living in flowers ; that 
of Pria haunts the flower of Solanum dulcamara at the junction 
of the stamens with the corolla ; the larva of Meligethes aen§,U8 

§t sometimes occasions much loss by prevent- 
ing the formation of seed in cultivated 
Cruciferae, such as Bape. These floricolous 
larvae grow with great rapidity, and then 
leave the flowers to pupate in the ground. 
The larva of Nitidula lives in carcases, 
though it is not very different from that 
^ a iVirt. The larva of Soronia lives in 

Fig. n2.— PWa dZmnianu. fermenting sap, and has four hooks curv- 
Britein.^ ^ Larva (after ing upwards at the extremity of the body, 
lerns , perfect nsect curious geiius Cyhocepkalm consists 

of some very small, extremely convex Insects that live in flowers . 
in Southern Europe; they have only four joints to the tarsi 
The perfect Insects of the group Ipides are remarkable from 
having a stridulating organ on the front of the liead. The classi- 
fication of the well-known genus Khizophagus has given rise to 
much discussion; although now usually placed in Nitidulidae, 
we think it undoubtedly belongs to Cucujidae. 

Fam. 29. Trogositidae. — Differs from Nitidulidae in the struc- 
ture of the tarsi ; these ap2)ear to he four- 
jointed, toith the third joint similar in vaBjfe ^ ^ 

size and form . to the preceding ; they JpHT ^ 

are, however, really five-jointed, an 
tremely short hasal joinl heing presenL 
Hind coxae contigmus. The dub of each ^ 
antenna is hilalerally asymmetric, and ^ 
the sensitive surface is confined to certain ^ 

parts of the joints. There are some 400 ^ ^ s 

or 500 species of Trogositidae, but nearly 
all of them are exotic. The larvae (Fig. b • 

113, A), are predaceous, destroying other Fw. 118.— TVwnocftite comOio. 
larvae m large numbers, and it is pro- B,^ect insit 

bable that the- images do the sama 

The krva of Tendyroides (better known as Trogositd) mauritanica 
is found in corn and flour, and is said to have sometimes been very 
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injurious by eating the embryo of the com, but it is ascertained 
that it also devours certain otlier larvae that live on the coriL 
This beetle has been carried about by coiuineice, and is now nearly 
cosmopolitan. Our three British spetii^s of Trogbsitidac repre- 
seut the three chief divisions of the family, viz. Nemosomides, 
Temnochilides, Peltides; they are very dissimilar in form, the 
Peltides being oval, with letracted head. It is doubtful whether 
the members of the latter group are carnivorous in any of their 
stages; it is more probable that they live on the fungi they 
frequent. Peltidae stand as a distinct family in many works.^ 
Fam. 30. Oolydiidae. — Antennae with a terminal club, tarsi 
four ‘jointed, none of the joints broad; front and middle come 
small, globose, embedded ; hind coxae transverse, either contiguous or 
separated ; five visible ventral segments, several of which have no 
movement This is a family of interest, owing to tlie gri^at diver- 
sity of form, to the extraordinary sculpture and clothing exhibited 
by many of its members, and to the fact that most of its meml)ers 
are attached to the primitive foi'ests, and disappear entirely ^ 
when these are destroyed. We have fifteen species in Britain, 
but about half of them are of the greatest/ rarity. There are 
about 600 species known at present; New Zealand has produced 
the greatest variety of forms ; the forests 
of Teneriffe are rich in the genus Tar- 
phius. The sedentiiry lives of many of 
these l^eetles are very remarkable; the 
creatures concealing themselves in the 
cmnnies of fungus-covered wood, and 
scarcely eyer leaving their retreats, so 
that it is the rarest circumstance to find 
them at any distance from their homes. 
Langelamlia anophthalma lives cntiiely 
Fio. 114.— crenata, underground and is quite blind, the 
pis*?'- optic lobes being absent. Some Coly- 

diidae are more active, and enter the 
burrowis of wood-boring Insects to destroy the larvae {Colydiunii), 
Few of the larvae are known ; but all appear to have tlie body 
terminated by peculiar hard corneous processes, as is the case 
with a great variety of Coleopterous larvae tliat live in wood.^ 

^ Catalogue of Trogositidae, by Leveillu, iu Ann, Soe. ewt. Fran^, 1888, p. 429. 

* For classification, see Sharp, JSiol. Centr. Araer, Col. ii. pt. i. 1894, p. 443. 
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/ Fam. 31. Bhysodidae . — Tarsi fmir^jointed ; •mouth^parta 
' covered hy the large mentum; front tibiae mtched on the inner 
edge. . This family consists only of a few species, but is found 
nearly all over the world in the warm and temperate regiona 
In many of their characters they resemble the Adephaga, but ^.re 
very different in appearance and in the mouth. The larvae are 
not known.. Some authorities think these Insects should be 
placed in the series Adephaga,^ but it is more probable that th^y 
will prove to be amongst the numerous aberrant forms of Coleop- 
tera that approach the various large natural series, without 
really belonging to them. The three families, Colydiidae, Cucu- 
jidae, and Bhysodidae, exhibit relations not only with other 
fanltilies of the Goleoptera Folymorpha, but also with most of the 
great series ; Adephaga, Bhynchophora, Phytophaga, and Hetero- 
mera, being each closely approached. 

Fam. 32. Oaci^jidae . — Tard five- or four-jointed, the first 
joint often short . antennae sometimes clubbed, but more often . 
quite thin at the tip ; front and middle coxae deeply embedded, 
globular, but roith an ang'idar prolongation exterimlly ; abdomen 
with five visible ventral segments, ail movable. This family and 

tiie Cryptophagidae are amongst the 
most difficult families to define ; 
indeed it is in this portion of the 
Clavicorns tiiat an extended and 
thorough study is most urgently 
required. The Cucujidae include a 
great diversity of forma; they are 
mostly found under the bark of trees, 
and many of them are very flat. 
Many of the larvae are also very 
Pio. 116 .— Britain, flat, but Perris says there is great 
^ diversity in their structure: they 

' are probably chiefly carnivorous. 

There are about 400 species described ; we have nearly a scor^ in 
Britain. * 

The family Gupesidae of certain taxonomists must be at 
present associated with Gucujidae, though the first joint of thei 
tarsus is elongate. 

^.,See Ganglbaaer, KSf. MitUleutO]^, i. p. 630, as well as LecoAte and Horn 
Otasa^UtUion, etc., x>. 180. 
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Fam. 33. Oryptophagidae. — Front and middle coxae very 
. . small and deeply embedded; antennae with enlarged termwmljainU; 
^rsi five-jointed, the posterior sometimes in the male only four- 
jointed; abdomen with five visible ventral segments, capable of 
movement, the first mmh longer than any of the others, A small 
family composed of obscure forms of 
minute size, which apparently have 
mould-eating habits, though very little ^ 
is known on tliis point, and several of 
the genera {Antherophagus, Telmatophi- 1 
Ins) are found chiefly on growing plants, ^ 
especially in flowers. Although the 
imago of Antherophagus lives in flowers, 
yet the larva has only been found in ' 
the nests of bumble-liees ; there is Yio. W^^—Orypu^tiha^it demia- 
reason for believing that the imago Perris) ; B, iHjrfect iwaect. 
makes use of the bee to transport 

it from the flowers it haunts to the iiests in which it is to 
breed;' this it does by catching hold of the b(M5 with its 
mandibles whtjii the bee visits the flower in which tlie lieetlo is 
concealed. It is strange the beetle should adopt such u mode of 
getting to its future home, for it lias ample wings. We must 
presume that its senses and instinct permit it to recognise the 
bee, but do not suffice to enable it to find the bee's nest. Some 
of the larvae of the genus Cryptophagus are found abundantly in 
the nests of various wasps, where they are probably useful as 
scavengers, others occur in the nests of social caterpillars, and they 
are sometimes common in loose straw ; this being the habitat in 
which Perris found the one we figure. * 

.Fam. 34. Helotidae. — Front and middle coxal cavities round, 

. with scarcely any angular prolongalion externally ; all the coxae 
widdy separated; five visible ventral segments, all mobile. 
* The Insects of this family are closely allied to Trogositidae 
and Nitidulidae, and have the tarsal structure of the former 
family ,• but the Helotidae are different in appearance from 
any members of either of these two families, and are readily 
distinguished by the coxal character. They are frequently 
; classified with the Erotylidae, from which they differ by the 
differently shaped feet, especially by the diminished basal joint. 

* Perru, Larves, etc., p. 76 . 
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There is but one genus, and for a long time only two or three 
species were known, and were great rarities in collections; in 
the iast few years the number has been raised to nearly forty.' 
They are remarkable beetles with oblong form, and a somewhat 
metallic upper surface, which is much sculptured, and jiosse^s 
four yellow, smooth spots on the elytra. According to Mr. George 
Lewis they are found feeding at the running sap of trees, but the 
larvae are not known. Helotidae are peculiar to the Indo-Malayan 
region (including Japan) with one species in Eastern Africa. 

Fam. 35. Thorictidae. — Tarsi Jive-jointed, none of the joints 
broad ; front coxae small, rather prominent, but not at all trans- 
verse ; five visible ventral plates, all mobile ; metojsternum very 
short ; antennae short, with a solid club. This little family, con- 
sisting of the genus Thorictus, appears to be a distinct one, 
though the structure has only been very imperfectly studied. It 
is peculiar to the Mediterranean region, where the species live in 
ants* nests. They appear to bt^ on terms of great intimacy with 
the ants ; a favourite position of the beetle is on the scape of the 
antenna of an ant ; here it hooks itself on firmly, and is carried 
about by the ant. Like so many other ants’-nest beetles, 
Tliorictidae possess tufts of golden liair, which secrete some 
substance, the flavour of which is appreciated by the ants ; these 
tufts in Thorictidae are situated either at the liind angles of the 
pronotum, or on the under surface of the body on each side of the 
breast ; Wasinann thinks that when the beetles are riding about. 



Fio. 117 . — TrUotna biptutulata. 
Erotjlidoe. Britain. A, Larva 
(after Perris ) ; perfect Insect. 


as above descrilied, the ants have then 
an opportunity of getting at the patches 
on the under surface. 

Fam. 36. Erotylidae. — Tarsi five- 
jointed, but with the fourth 'usually very 
small, the first three more or less broad 
and pubescent beneath. Antennae strongly 
clubbed. Front and middle coxal axeta- 
bula round, without angular prolongation 
externally ; five visible ventral stgments. 
This is now a large and important family 
of about 1800 species, but it is chiefly 


exotic and tropical, its members haunting the fungoid growths 


^ Ritsema, Catalogue of Helota, Notes Leyden Hue, xiii. 1891, p. 223„ and xy. 
1893, p. 160. 
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in forests. We have only six species in Britain, and the whole 
of Europe has only about two dozen, most of them insignificant 
(and in the case of the Dticnides aberrant, approaching the 
Cryptophagidae very closely). The siib>Jamily Languriides (quite 
wanting in Europe) consists of more elongate Insects, with front 
acetabula open behind ; they have different habits from Eroty- 
lides proper ; some are known to live as larvae in the steins of 
herbaceous ];>lants. They iiossess a highly developed stridiilating 
organ on the front of the head. The Claviconi rolyiiiorpha are 
very closely connected with the Phytophaga by JiiinguriideH. 

Fam. 37. Mycetophaflfidae. — Tam foitr-Jointed, slender, the 
front feet of the male only three-jointed ; coxae oral, not deeply 
emhedded; abdomen with five ventral seg- 
ments, all movable, A small family, of in- 
terest chiefly because of the anomaly in the 
feet of the two sexes, for which it is im- 
possi1)le to assign any reason. The species 
are small, uninteresting Insects that live 
chiefly on Cryptogams of various kinds, 
especially in connection with timber ; the 
larvae being Jilso found there. There are 
about a dozen species in Britiiin, and 
scai-cely 100 are described from all the 
world. The Dijihyllides, placed by Leconte 
and Honi in this family, seem to go better in Cryptophagidae. 

Fam. 38. Gocdnellidae {Lady-birds), — Tarsi ajparently three- 
jointed; the Jlrst two joints pubescent beneath; the third joint 
consisting really of two joints, the small true third joint being 
inserted near the base of the second joint, the upper surface of which 
is grooved to receive it. Head, much corwetded by the thorax. 
Antennae feebly clubbed. The lady-birds number fully 2000 
species. The structure of their feet distinguishes them from 
nearly all other Coleoptera except Endomychidae, which are much 
less rotund in form, and have larger antennae. One genus of 



Pig. --IMargiiH fd/tm- 
cialuH, MycetopliaKidAi*- 
Britain. A. Larva (alter 
Porris) ; B, i)crfet:t I nseut. 


Kndouifcbids — Panomoea — bears, however, a singular resemblance 
to lady-birds, both in form and style of coloration. Several 
specie-s of CoccinelUdae are remarkable on account of the 
numerous variations in colour they present. Coccinellidae 
frequently multiply to an enormous extent, and are of great 
value, as they destroy wholesale the plant-lice, scale- Insects, 
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and Acari that are so injurious to cultivated plants. They 
also eat various other soft-bodied Insects that attack plants. As ' 
they are excessively voracious^ and are themselves singularly 
free from enemies and multiply with great rapidity, all these . 
features of their economy render them of inestimable value to the 
agriculturist and horticulturist. The species of the sub-family 
Epilachnides feed on plants, and one or two are occasionally in- 
jurious. The body-fluid of Coccinellidae has an unpleasant odour 
and taste. Many lady-birds have the power of exuding, when 
disturbed, small quantities of a yellow fluid. Lutz has shown that 
this is not a special secretion, but an exudation of the fluid of 
the body that takes place through a small orifice at the tip of 
the tibia, from pressure caused by contraction of the body and limb.^ 

The larvae are much more active than beetle-larvae usually 
are, and many of them are very conspicuous when running about 
on plants to hunt their prey. They usually cast their skins 
three times, and sometimes concomitantly change a good deal in 
colour and form ; the larval life does not usually exceed four or 
five weeks ; at the end of which time the larva suspends itself 
by the posterior extremity, which is glued by a secretion to some 
object ; the larval skin is pushed back to the anal extremity, * 
disclosing the pupa; this diflei*s in several respects from the 
usual pupa of beetles ; it is harder, and is coloured, frequently 
conspicuously spotted, and dehisces to allow the escapq of the 
beetle, so tliat the metamorphosis is altogether more like that of 
Lepidoptera than that of Goleoptera. There is much variety in 
the larvae; some of them bear large, complexly-spined, projections ; • 
those of the group Scymnites have small depressions on the 
surface, from which it has been ascertained that waxy secre- 
tions exude ; but in Scymnus minimus no such excretions are 
formed. Certain species, when pupating, do not shuflle the skin to 
the extremity of the body, but retain' it as a covering fot the 
pupa. The larvae that feed on plants aie much less active than 
the predaceous forms. We are well supplied with Coccinellidae 
in Britain, forty species being known here. • ! - 

i T^he systematic position of Coccinellidae amongst the Coleopteia ^ 
has been for long a moot point. Formerly they were associated 
with various other beetles having three-jointed, or apparently 
three-jointed, feet, as a series with the name Trimera, or ^ 
... ^ JSToo/. ^nl. xriii/ 1895, p. 244. ^ ■ 
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Fseudotrimera. But they are generally placed in the Clavicorn 
series^ near Endoiuychidae. Verhoeff has recently made con- 
siderable moiphological studies on the male genital organs of 
Coleoptera^ and as the result, he concludes that Coccinellidae 
.differ radically from all other Colcoptera as regards these 
structures, and he therefore treats them as a distinct s^ies or 
sub-order, termed Siphonophora. The genus Lithophilns has been 
considered doubtfully a member of Coccinellidae, as tlie tarsi 
possess only in a slight degree the shape characteristic of the 
family : Verhoeff finds that they are truly Coccinellidae, fonning 
a distinct division, Lithophilini; and our little species of Coecidula, 
which have somewhat the stimc appearance as Lithophilini, he 
treats as another separate group, Coccidulini. 

Fam. 39. Endomychidae.^ — Tarsi apparently three-joinied, thd 
first two joints broad, the terminal joint elongate; at the base of 
the terminal joint there is, however, a very small joint, so that the 
tarsi are pseudotetramerous ; antennae rcUher large, with a large 
club ; labium not at all retracted behiml the mentum ; front ami 
middle coxae globose; abdomen ioith five movable ventral segments, 
and a sixth more or lees visible at the tip. This family includes 
a considerable diversity of elegant Insects that frequent fungoid 
growths on wood. It comprises at present fully 500 8i)ecies, but 
nearly the whole of them are exotic, and inhabit the • tropical 
forests. We have only two British species, both of which are 
now raxities, but apparently Wei's much commoner at the 


l)eginning of the century. The larvae are 
broader than is usual in Coleoptera; very 
few, however, are known. 

Fam. 40. Mycetaeidae. — Tarsi four- 
joirUed, the first two joints not very different 
from the third, usually slender; abdomen 
with five visible ventral segments, which are 
movable; front and middle coxae globular. 
The little Insects epmposing this family are 
by many placed as a division of Endomy- 
chidae, and Verhoeff is of opinion that the 



Fio. l\0.—Jiycetaea hirta. 
Britain. A, Larva 
(after Blimon) ; B, per- 
fect Insect. 


group is an altogetbor artificial one ; but we tbink, with Duval, 


it makes matters simpler to separate them. There are only 


1 Gentaecker, Monogrty^der Endomyehidm, Leipzig, 858, 1433 pp. Since this 
work was published, the species known have been multiplied two or three times. 
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some forty or fifty species, found chiefly in Europe and North 
America. Wo have three in Britain; one of these, Myettam 
hirta is very common, and may be found in abundance in cellars 
in the heart of London, as well as elsewhere ; it is said to have 
injured the corks of wine-bottles, and to have caused leakage 
of the 'wine, but we think that it perhaps only increases some 
. previous deficiency in the corkage, for its natural food is fungoid 
matters. The larva is remarkable on account of the clubbed 
hairs at the sides of the body. 

Fam. 41. Latridiidae. — Tarsi three-jainted ; anterior coxal 
cavities round, not prolonged externally ; abdomen with Jive visible 
and mobile ventral segments. Very small Insects, species of which 
are numerous in most parts of the world, the individuals being 
s(jmetimes very abundant. The larvae (Fig. 120, A) are said by 
Perris to have the mandibles replaced by fleshy appendages. The 
pupa of Latridius is remarkable, on account of the nmnerous long 
liairs witli heads instead of points ; the larva of Corticaria is 
very like that of Latridius, but some of the hairs are replaced by 
obconical projections. The sub-family Monotomides is by many 
treated as a distinct family ; they have the elytra truncate behind, 
exposing the pygidiiini, and the coxae are very small and very 
deeply embedded. Most of the Latridiidae are believed to live on 
fungoid matters ; species of Monotoma 
live in ants* nests, but probably have 
no relations with the ants. A few 
species of Latridiides proper also main- 
tain a similar life; Coluocera formicaria 
is said to be fond of the stores laid up 
by Aphaemgaster stnuitor in its nests. 

About 700 species are now known; 
scarcely any of the individuals are more 

than one-tenth of an inch long. We Fio. 120.— Latridius minidus. 
have about 40 species in Britain. The 
North American genus Stephostethus has 

the prosternum constructed behind the coxae, somewhat .in the 
same manner as' it is in the Bhynchophorous series of Coleoptera. 

Fam. 42. Adimeridae. — Tarsi appearing ordy two-jointed, 
a broad basal joint and an elongate daw-bearing joint, but between 
the hoo there are two very small joints. This family consists 
only of the American genus Adimerus; nothing is known of 
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the life- history of these small Insects. They are* of some 
interest, as this structure of the foot 
is not found in any other beetles. 

Fam. 43. Dermestidae. — Tarsi 
five-jointed; antennae usually 8h(yrt, 
toith the chih frequently veiy large 
in •pro^portion^ and with the under 
side of the thorax hearing a hollov) 
for its reeeption. Front coxae rather 
long, oblique: hind coxa formed to 
receive the femur when in repose, 

A family of 300 or 400 species of 
small or moderate-sized beetles ; the sHoms. Adi- 

' iiutridao. A, the ; B, one 

SUViace, usually covered Wltll nno foot more cnlarKCMl. MexU o. From 

hair, forming a pattern, or with *'• *• 

scales. Bytums, the position of which has long Ixhui disputed, 
has now been x)hiced in this family; it has a more imperfectly 
formed prostemum, and the third and fourth joints of the tarsi 
arc prolonged $is membranous lobes beneath ; the hind coxae leave 
the femora quite free, llermestidoo in the larval state nearly all 
live on dried animal matter, and are sometimes very destructive ; 
some of them totally destroy zoological collections. They arc 
very remarkable on account of tbc complex 
clothing of hairs they bear ; they have good 
powers of locomotion, and many of them 
have a peculiar gait, running for a short 
distance, then stopping and vibrating some 
of their hairs with extreme rapidity. They 
exhibit great variety of form. Many of 
them are capable of supporting life for long 
periods on little or no food, and in such 
cases moult an increased number of times : 
pupation takes place in the larval skin. 
AnJthrenus fcLSciatus has been reared in large 
numbers on a diet of dried horse-hair in 
Fij. 122 .— terra, fornitura The young larva of this species 
Larva. New Forest. oijgerved by the writer did not possess 

the remarkable, complex arrangement of hairs that appeared 
when it was further grown. The most curious of Ilermestid 
larvae is that of TiresicLS eerra, which lives amongst cobwebs iu 
VOL. VI • . K 
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old wood, and probably feeds on the remains of Insects therein, 
perhaps not disdaining the cobwebs themselves. Attention has 
been frequently called to the hairs of the larvae of these Insects, 
but they have never been adequately discussed, and their function 
is quite unknown. 

Fam. 44. ^yrrliidae {PUl-beetles). — Oval orround.convex beetles; 
tarsi Jive-jointed, front coxae not exserted, transverse ; hind coxa 
shielding the retracted femur. The whole of the appendages 
capable of a complete apposition to the body. Although a small 
family of only 200 or 300 species, Byrrhidae are so hetero- 
geneous that no characteristic definition that will apply to 
all the sub-families can be framed. Very little is known as to 
their life -histories. Byrrhus pilula is one of our commonest 
beetles, and may be found crawling on paths in early spring 
even in towns ; it moves very slowly, and when disturbed, at 
once contracts the limbs so completely that it looks like an 
inanimate object The larva is cylindrical, soft ; the prothoracdc 
and last two abdominal segments are larger than the others, 
the last bearing two pseudopods ; its habits are unknown, and 
no good figure exists of it. 

The chief groups of Byrrhidae are Nosodendrides, Byrrhides 
(including Amphicyrtideii)), Limnichides, and Ohelonariides. The 
first consists of species frequenting tlie exuding sap of trees; 
they have an unusually large meniuin, abruptly clubbed antennae, 
and the head cannot be retracted and concealed. The genus 
Nosodendron seems to be distributed over a large part of the 
world. The Byrrhides have the antennae gradually thicker 
towards the tip, the meiitum small, and the head and thorax so 
formed tliat the former can be perfectly retracted. The species 
are rather numerous, and are found in the northern and anti- 
podeal regions, being nearly completely absent from the tropics. 
The limnichides are minute Insects living in very moist places ; 
they have small delicate antennae, wliich are imperfectly clubbed. 
The group is very widely distributed. 

The Ohelonariides are a very peculiar form of Coleoptera: 
oval Insects of small size with the prothorax so formed that the 
head can be withdrawn under (rather than into) it, and then 
abruptly inflexed, so that the face then forms part of the under 
surface : the antennae have the basal three joints thicker than 
the others ; these being not in the least clubbed, but having the ^ 
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joints so delicately connected that the organs are rarely nn- 
mutilated. The modifications of the head and prothorax are 
quite unlike those of other Byrrhidae, apd if the Chelonuriides 
do not form a distinct family^ they should be associated with 
Da^illidae. Nothing is known as to the earlier stages. They 
are chiefly tropical Insects, though one species is found in North 
America. 

Fam. 46. Oyaihoceridae — Minute Insects of hroad form ; parts 
of the mouth concealed; a7ite7inae four-jointed; tarsi iwt divided 
irUo joints ; prosternum small. The only species of this aberrant 
family, Cyathocerus Immi, has been found in Central America. 
Nothing is known as to its life-history. 

Fam. 46. Gteoryssidae. — Antennae shorty chibhed ; tarsi four- 
jointed; prosternum very small ; fr07it coxae cxserted, hut not 
contigumis. There are about two dozen species of these small 
beetles known. Our British Georyssus py(j7ncue7is lives in extremely 
wet places, and covers itself with a coating of mud or fine sand 
so that it c«in only be detected when in movement. Nothing 
farther is known as to its life-history or habits. Mcm1)ers of 
the genus have been detected in widely-separated parts of the 
globe. 

Fam. 47. Heteroceridae. — Lahrum a7id 7nandihl€S projecting 
forwards; a7ite7i7me short, the terminal seven joints broad and sho7't, 
fomimg a sort of broad serrate club ; legs armed with stout spines ; 
tarsi four-jointed. The Heteroceridae are small beetles covered 
with very dense but minute pubescence; they live in burrows 
among mud or sand in wet plsices, and are found in many i»arts 
of the world. They possess a stridulating organ in the fonii 
of a slightly elevated curved line on each side of the base of the 
abdomen, rublied by the posterior femur. Tlie larvae live in the 
same places as the beetles; they have w’ell-developed thoracic 
legs, the mandibles are porrect, the three thoracic segmciit;:i 
lather large, and the body behind these becomes gradually 
narrower; they are believed to eat the mud amongst which 
they burrow. We have seven British species of lletero- 
ceridae. 

Fam. 48. Pamidae. — Prosternu7n distinct in front of the coxae, 
usually elongate, behind forming a process received into a definite 
cavity on the mesosternum; head retractile, the mouth protected 
by the prosternum. Tarsi five -jointed, terminal joint long. 
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Although the chaiacters of these Insects are not very different 
from those of Byrrhidae, of Dascillidae, and even > of certain 
Elateridae, there is practically but little difficulty in distinguish- 
ing Parnidae. They are of aquatic habits, though many, in the 
perfect state, frequently desert the waters. There are about 
300 or 400 species known, but the family is doubtless more 
extensive, as these small beetles attract but little notice. There 
are two groups: — 1. Parnides, in which the front coxae have a con- 
siderable transverse extension, the antennae ai^e frequently short 
and of peculiar structure, and the body is usually clothed with 
a peculiar, dense pubescence. 2. Elmides, witli round front coxae, 
a bare, or feebly pubescent body, and simple antennae. Parnm 
is a genus commonly met with in Europe, and is less aquatic in 
habits than its congeners ; it is said to enter the water carrying 
with it a coating of air attaciied to its pul)esceuce. Its larvae 
are not well known ; they live in damp earth near streams, and 
are said to much resemble the larvae of Elateridae. Potamophilus 
acuminatiis has a very interesting larva, described by Dufour ; it 
lives on decaying wood in the Adour. It is remarkable from 
the ocelli being arranged so as to form an almost true eye on 
each side of the head; there are eight pairs of abdominal 
spiracles, and also a pair on the mesothorax, though there are 
none on the pro- or meta-thorax ; each of the stigmata has four 
elongate sacs between it and the main tracheal tu1>e; the body 
is terminated by a process from which there can be intruded 
bunches of filamentous branchiae. The larvae of Macronychus 
quadritvibercvicitus is somewhat similar, though the features of its 
external structure are less remarkable. The Elmides live attached 
to stones in streams; the larva is rather broad, fringed at the 
sides of the body, and bears behind tliree elegant sets of fine 
filamentous branchiae. The North Americiin genus Psqphenus 
is placed in Parnidae, though instead of five, the male has 
seven, the female six, visible ventral segments; the larva is 
elliptical, with dilated margins to. the body. Friederich, has 
given,^ without mentioning any names, a detailed ^account 
of Brazilian Parnid larvae, that may perhaps be allied to 
PaephenuB. 

Fam. 49. Derodontidaa — Tarai five-jointad, alender, fourth 
joint raiher amall ; front coxae prominent and tranaveraely pro- 
^ SteUin. eni. ZfU, zHi. 1881, pp. 104-112. 
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loTujed ; middle coxae small ; abdomen with Jive vidhle scf/ments, 
all mohiU, the Jirst 'not elongated. One of the sninllest and least 
known of the lamilies of Coleoptiua; it 
consists of four or five species of small 
Insects of the gen^,m Berodowtus and 
Peltasticta, found in North America, 

Europe, and Japan. Tlie distinction of tlie 
family from Cleridae is by no means cer- 
tain ; our Eiiroi)ean Larkobius apimrently 
possessing characters but little different. 

Nothing is known as to the life-histories. 

Fam. 60. Oioidae. — Small or minute 
beetles; antennae short, termitud joints 
thicker; tarsi short, four-jointed ; anterior 

and middle coxae small, oval, deeply em- 

,, •.!/. jf •Fiu. 123 . — DmHUmtua wiaeu- 

bedded ; abdomen with Jive ventral seg- Xorth America. 

ments, all mobile. The position of tlieso 

obscure little Insects seems to be near Colydiidae and Crypto- 

phagidtie, though they are usually 
placed near 'Hostrichidac. So far as 
known, they all live in fungi, or in 
wood penetrated by fungoid growths. 
Tlie cylindrical larvae live also in 
similar matter ; they usually have the 
body terminated behind by one or two 
hooks curved upwards; that of Gis 
melliei (Fig. 124) has, instead of these 
hooks, a curious chitinous tube. About 
300 species of the family are now 
known ; a score,, or so, occurring in 
Britain. The Hawaiian Islands have 
a remarkably rich and varied fauna of 
Fig. 124 . — Cia mdliei. Martin- Cioidae. 

ijortion of body of larva, of half a dozen spccies of rare and 
( After Co(iuerel.) Small Insccts, differs from Cioidae by 

the tarsi being five-jointed at any rate on the front and middle 
feet, opinions differing as to whether the number of joints of the 




hind tarsi is four or five. These Insects live in fungi growing 


in wood, e.g. Meticvlaria hortensis, tiiat are at first pulpy and 
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afterwards become powder. The larvae of both of our British 
genera, SphiTidus and Aspidiphorm, have been described by 
Perris, who considers them allied to the fungivorous Silphidae 
and Latridiidae. The systematic position of these Insects has 
been the subject of doubt since the days of Ijatreille. 

Fam. S2. Bostrichidae (Apatidae of some authors). — Tarsi 
Jive-jointed, hut the first joint very short and imperfectly separated 

^ . from the second; front coxae prominent, con- 

tiguoiis, very little extended transversely; five 
visible venJtral segments. The Bostrichidae 
attack dry wood, and sometimes in such 
large numbers that timber is entirely 
destroyed by them; most of them make 
cylindrical burrows into the wood. The 
larvae have the posterior part of the 
botly incurved, and resemble the wood- 
boring larvae of Anobiidae rather than 
the predaceous larvae of Cleridae. We 
follow Leconte and Horn in placing 
Lyctides as a division of Bostrichidae; 
although diifering very much in appear- 

FIO. 125.-Apate eap,u:ina. *1^®/ **“^6 similar habits and larvae. 

Europe. A, Larva (aftisr The typical Bostrichides are remarkable 
Perns) , B, perfect lu- their variety of sculpture and for the 

shapes of the posterior part of tlie body ; 
this part is more or less conspicuously trunciite, and furnished 
with small prominences. Dinapate %vrightii, found in the stems 
of a species of Yucca in the Mojave desert of California, attains 
a length of nearly two inches ; its larva is extremely similar to 
that of A. capucina. Some of the forms {Phonapatc) stridulate 
in a manner peculiar to themselves, by rubbing the front leg 
against some projections at the hind angle of the pro thorax. Up- 
wards of 200 species of the family are known, lu Britain we 
have only four small and aberrant forms. 

Fam. 63. Ftinidae. — Tarsi five-jointed, first joint not^edvxed 
in size, often longer than second; front and middle coxae small, 
not transversdy extended, the former dightly prominent ; five 
visible ventral segments ; prosternum very short. Here are in- 
cluded two Biib - families, Ftinides and Anobiides; they are 
considered as distinct families by many authors, but in the 
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present imperfect state of knowledge ^ it is not necessary to treat 
them sepiratcly. Ptinidae ai'c sometimes very destructive to dried 
animal matter, and attack specimens in 
museums ; Anobiides bore into wood, and i I 

appai-ently emerge as perfect Insects only \ f 

for a very brief period; Anohiiim> {Sito- ^ 

drepa) pankeum is, however, by no means 

rc^stricted in its tastes; it must possess 

extraordinary powers of digestion, as we 3HV 

have known it to pass several consecn- 

tive .generations on a diet of opium; it 

lias also been n^ported to thrive on 1||||HV 

tablets of dried com]>re8sed inefit ; in E ‘ 

India it is said to disintegrate books ; a 
more iisuiil fowl of the Insect is, liow- 
ever, hard biscuits ; w^eevilly biscuits are 

known to every sailor, and the so-called “ weevil ” is usually 
the larva of A, pankmvi (Fig. 127, B). In the case of this Insect 
we have not detected more than one spiracle (situates on the 
first thoracic segment) ; the other known larvae of Anobiides are 
said to possess eight abdominal spimcles. The skeleton in some 




Fia. 12 —Early 
siagiM r A nchinm 
Itnni^wi, A,KKK>*t 
variabl in form ; 
B, Inrv. ; C, pupa; 
D, any iinotricnl 
procuHsiM terminat- 
ing bmly of j)upn. 
[I'll is larva is pro- 
bably tlie “l)ook- 
worin ” of librar- 
ians]. 


of this sub-family is extremely modified, so as to allow the 
Insects to themselves up in repose ; the head is folded in 
over tlie chest, and a cavity existing on the breast is thus closed 
by the head ; in this cavity the antennae and the prominent 
mouth-parts arc received and protected ; the legs shut together 

^ It is probable that we do not know more than the fiftieth .|Nirt of the existing 
species, most of which leotl lives that render them very difficult to find. 
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Fro. 128 . — Eetrephea kingL 
W«8t Australia. 
Westwood.) 


to an equally perfect manner, so that no roughness or chink 
. remains, and the creature looks like a little hard seed. Anobium 
striatum is a common Insect in houses, and makes little round 
holes in furniture, which is then said to be “ womi-eaten.” A, 
{Xestohium) tessdlatum^ a much larger Insect, has proved very 
destructive to beams in churches, libraries, etc. These species 
are the "death-watches” or "greater 
death-watches ” that have been associated 
with the most ridiculous superstitions 
(as we have mentioned in Volume V., 
when speaking of the lesser death- 
watches, or Tsocidae). The ticking of 
these Insects is really connected with sex, 
and is made by striking the head rapidly 
against the wood on which the Insect 
is standing. 

The very anomalous genus Ectrephes . 
(After (Fig. 128) is found in ants* nests in 
Australia. Westwood placed it in Pti- 
nidae, Wasmann has recently treated it as a distinct family, 
Ectrephidae, associating it with Polyplocotes and IKplocoUs^ and 
treating them as allied to Scydmaenidae. 

Fam. <64. Malacodermidae. — Seven (or even eight) visible ven- 
tral segments, the basal one not co-vidapted in form with the coxae ; 
tarsi five-jointed. Integument softer than usual, the parts of the 
body not accurately co-adapted. This important family includes 
a variety of forms : viz. Lycides, Drilides, Lampyrides, Telepho- 
rides ; though they are very different in appearance, classifiers 
have not yet agreed on separating them as familiea Of these 
the Lampyrides, or glow-worms, are of special interest, as most 
of their members give off a phosphorescent light when alive ; in 
many of them the female is apterous and like a larva, and then 
the light it gives is usually conspicuous, freciuently much more 
so than that of its mate ; in other cases the males are the most 
brilliant. The exact importance of these charsictcrs in thd crea- 
tures* lives is not yet clear, but it appears probable that in the 
first class of cases the light of the female serves as an attraction 
to the male, while in the second class the very brilliant lights of 
the male serve as an amusement, or as an incitement to rivalry 
amongst the individuals of this sex. The well-known fire-flies 
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(JjWiiola) of Southern Europe are an example of the latter con- 
dition. They are gregarious^ and on calm, warm niglits crowds 
of them may be seen moving and spai'kling in a c*harni- 
ing manner. These individuals aie all, or nearly all, males; 
so rare indeed is tlie female that few entomologists have even 
noticed it. The writer oiice assisted in a large gatliering of 
Lwdola italica in the Val Anzasca, which consisted of many 
hundreds of ai)ecimens; all of those he caught, either on the 
wing or displaying their lights on the hushes, were males, hut 


he found a solitiiry female on the ground. This sex possesses 


ordinary, small eyes instead of the 
large, convex organs of the male, 
and its antennae and legs are 
much more feeble, so tliat though 
provided wdth elytra and wings 
it is altogether a more im]ier- 
fect creature. Emery has given 
an account of his observations 
and experiments on this Insect, 
but they do not give any clejir 
idea as to the exact function of 
the light.' In our llritish glow- 
worm the female is entirely apter- 



ous hence the name glow-worm hic'rrmymi. Cor- 

- , ^ j dolw, South America. (After Haase.) 

— but the male has elytra and a, Male ; B. female. /, PositimiH 
ample wings, and frequently flies ofhiiiiinouBsjioiB;/^*, spiracles. About 

at night into lighted a^Nirtments. 


Although so little has been ascertained as to the light of I^anipy- 
ridae, there are two facts that justify us in supposing that it is in 
some way of importance to the species. These are: (1) that in a great 
many species the eyes have a magnificent and unusmil develop- 
ment ; (2) that the habits of the creatures are in nearly all csises 
nocturnal. It is true that the little Phosjihmnus hemiiiterus is 
said to be diurnal in habits, but it is altogether an exceptional 
form, betng destitute of wings in both sexes, and possessed of 
only very feeble light -giving , powers, and we have, moreover, 
very little real knowledge os to its natural history ; it is said 


I Bull. ml. ilal. 1886^ p. 406, and Bnl. Zeit. Stettin, xliii. 1887, pp. 201-206. 
Emery does not mention the name of the species, but we presume it to bo the 
common Italian fire-fly, Lueiola Ualiea, 
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that the female is of the utmost rarity, though the male is not 
uncommon. 

The nature of the luminosity of Lampyris has given rise 
to many contradictory statements; the light looks somewhat 
like that given off by phosphorus, and is frequently spoken of 
as phosphoresc'-ence ; but luminescence is a better term. The 
egg, larva, pupa, and male are luminous as well as the female 
(at any rate in L, noctiluca^ ; the lumiiiesceiice is, however, most 
marked in the female imago, in which it is concentrated near 
the extremity of the abdomen; here there are two strata of 
cells, and many iine capillary tracheae are scattered through the 
luminous substance. Wielowiejski concludes that the light- 
producing power is inherent in tlie cells of the luminous organ, 
and is produced by .the slow oxidation of a substance formed 
under the influence of the nervous system. The cells are 
considered to be essentially similar to those of the fat-body.^ 
The luminescence of Liiiupyridae is very intermittent, that is to 
say, it is subject to rapid diminutions and increases of its 
brilliancy ; various reasons have been assigned for this, but all 
are guesses, and all that can be said is that the changes arc 
possibly due to diminution or increase of the air-supply in the 
luminous organ, but of the way in which this is (joiitrolled there 
seems to be no evidence. Considerable difference of opinion ha*^ 
existed as to the luminescence of the eggs of Lampyris. Jf it exist 
in the matter contained in the egg, it is evident that it is 
independent of the existence of tracheae or of a nervous system. 
Newport and others believed tliat tlie light given by the egg 
depended merely on matter on its exterior. The observations of 
Dubois ^ show, however, that it exists in the matter in the egg ; 
he has even found it in the interior of eggs that had been 
deposited unfertilised. 

From time to time, since the commencement of tlie nineteenth 
century, there liave appeared imperfect accounts of extraordinary 
light-giving larvae found in South America, of various sizes, but 
attaining in some cases a length, it is said, of three inchbs ; they 
arc reported as giving a strong red light from the two extremities 
of the body, and a green light from numerous points along the 

^ Zeiischr. wiss, Zool, xxxvii. 1882, p. 354 ; also Emery, op, cU, xl. 1884, 
p. 338. Eor another theory as to the luminescence, see p. 250. 

* Bull, Soe, Zool. FraneOf xii. 1887, ii. 137, postea. 
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sides of the body, and hence are called, it is said, in Paraguay 
the railway-l)eetle. We may refer the reader to Haase’s paper ^ 
on the subject of these " larvae,” as we can here only say that it 
appears probable that most of these creatures may prove to be 
adult females of the extraordinary group Pheiigodini, in which it 
would appear that the imago of the female sex is in a mon3 larva- 
like state than it is in *iny other Insects. The males, however, 
are well-developed beetles ; unlike the males of Liiiipy rides, in 
general they have not pt^culiar eyes, but on the other hand they 
possess antennae wliich are amongst the most highly developed 
known, the joints being furnished on eacli side with a long 
appendage densely covered with pubescence «)f a nuiiarkable 
character. There is no reason to doubt that Haase was correct 
in treating the Insect wc figure (Fig. 129, B) as a iM?rfcct liisei't ; 
lie is, indeed, corroborated by Kiley.*** The distinctions bet\vi‘en the 
larva and female imago are that the latter has two claws on the 
feet instead of one, a greater number of joints in the aiitiuinae, 
and less imperfect eyes ; the female is in fact a larva, making a 
slightly giieater change at the last eedysis, than .at those pnwious. 
It is much to be regretted that wo have so very small a know- 
ledge of these moat interesting Insects. Malacodermidacs are 
proliably the most imperfect or primitive of all beetles, and it 
is a point of some interest to And that in one of them the 
phenomena of metamorphosis are reduced in one sex to a 
minimuni, while in the other they are — presumably at least 
— normal in character. 

Numerous larvae of most extraordinary, though diverse, 
sha])es, beiiring long processes at the sides of the body, and 
having a head capable of complete withdrawal into a slender 
cavity of the thorax, have long l^een known in several parts of 
the world, and Dr. Willey i-ecently found in New Britain a 
species having these body-processes articulated. Though they 
are doubtless larvae of Ijampyrides, none of them have ever Ijecn 
I'eared or exactly identified. 

A ^ery remarkable Ceylonese Insect, D^ptoina adamsi 
Pascoe, is placed in Lampyrides, but can scarcely belong there, as 
apparently it has but five or six visible ventral segments ; this 
Insect has two pairs of eyes, a large pair, with coarse facets on 

1 DetUaehe ent, ZeUsehr. xzxii. 1888, pp. 145-167. 

‘ EnL Mag, xxiv. 1887, p. 148. 
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the under side of the head, and a moderate-sized pair with fine 
facets on the upper sida Nothing is known as to the habits of 
this curiosity, not even whether it is luminous in one or both sexes. 

It is believed that the perfect instar of Lampyrides takes no 
food at all. The larvae were formerly supposed to be vegetarian, 
but it appears probable that nearly all are carnivorous, the chief 
food being Mollusca either living or dead. The larvae are active, 
and in many species look almost as much like perfect Insects as 
do the images. 

The other divisions of Malacodermidae — Lycides, Drilides, 
Telephorides — also have predaceous, carnivorous larvae. All these 
groups are extensive. Though much neglected by collectors and 
naturalists, some 1500 species of the family Malacodermidae 
have been detected. We have about 60 in Britain, and many 
of them are amongst the most widely distributed and abundant 
of our native Insects. Thus, however near they may be to the 
primitive condition of Coleoptera, it is highly probable that they 
will continue to exist alongside of the primitive Cockroaches and 
Aptera, long after the more highly endowed forms of Insect-life 
have been extinguished wholesale by the operations of mankind 
on the face of the earth. 

Fam. 66. Helyridae (or Malachiidae). — Six visible and move- 
able ventral abdominal segments; the basal part more or less distinctly 

co-adapted with the coxae^ These 
Insects are extremely numerous, 
but have been very .little studied. 
In many works they are classified 
with MaLicodermidae, but were 
correctly separated by Leconte 
and Iloni, and this view is also 
taken l)y Dr. Verhoelf, the latest 
investigator. * The smaller num- 
ber of visible ventral segments 
appears to be due to a change 
at the base correlative Vith an 
adaptation between the base of 
Fig. 130 . — MaiaMus Britain, the abdomen and the hind 

, B, female characters are singu- 

Ifn'ly parallel with those of 
Silphidae ; but in Melyridae the antennae are filiform or serrate, 
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not clavate. The habits in the two families are different, as the 
Melyridae are frequenters of flowers. Many of the Mclyridae 
have the integument soft, but in the forms placed at the end 
of the family — e.g. Zygia — they are much firmer. Thus these 
Insets establish a transition from the MaliUKHlermidac to ordi- 
nary Coleoptera. Although the iinagos are believed to oonsuiiie 
some products of the flowers they frequent, yet very little is 
really known, and it is not improbable that they are to some 
extent caimivorous. This is the case with the larvae that are known 
(Fig. 130, larva of Maloehius aenetis). Thesti are said by rerris 
to bear a great resemblance to those of the genus Telephm^us, 
belonging to the Malacodermidaa 

Fam. 66. Oleridae. — 2\ir&i Jive^jointed ; but the basal joint of 
the jposteHor uery indistinct, usually very small above, and closely 
united with the second by an obligue sidice; the apices of joints 
two to four usually prolonged as membranous flaps ; anterior ct.aae 
jjromin^nt, usually contiguous, rather large, but their cavities not 
prolonged exteriudly ; labial palpi usually with large hatchet- 
shaped terminal, joint ; ventral segments Jive or six, very mobile. 
The Gleridae are very varied in form and colours ; the antennae 
are usually more or less clubbed at the tip, and not at all serrate, 
but in Cylidrus and a few others they are not clublxsd, and in 
Cylidrus have seven flattened joints. The student should be 
very ciiutious in deciding as to the number of joints in the feet 
in this family, as the small basal joint is often scarcely dis- 
tinguishable, owing to the obUteratioii of its suture with the 
second joint. The little Alpine iMricoldus has the anterior coxal 
cavities prolonged externally, and the coxae receive the femora to 
some extent, so that it connects Cleridae and Derodontidae. The 
Clcridoe are predaceous, and their larvae are very active ; tlioy 
are specially fond of wood-boring Insects ; that of Tillus elon- 
gatus (Fig. 131) enters the burrows of Ftilinus pe^itinicornis in 
search of the larva. The members of the groui> Corynetides 
frequent animal matter, carcases, bones, etc., and, it is said, feed 
thereon^but Perris’s recent investigations ' make it probable that 
the larvae really eat the innumerable Dipterous larvae found in 
such refuse; it is also said that the larvae of Cleridae spin 
cocoons for their metamorphosis; but Perris has also shown 
that the larvae of NecroUa ruJUollis really use the puparia formed 
^ Laroes dsB CoUapUtes, 1878, p. 208. 
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A 

Fig. 131. — Larva of TiHua dmigatua, 
(New Forest). A, Head ; B, front leg ; 
C, termiuatiou of the body, more mag- 
nifted. 


by Diptera. Some of the species of Neerdbia have been spread 
by commercial intercourse, and iVI rufipes appears to be now one 
of the most cosmopolitan of Insects. The beautifully coloured 
Corynetes co&ruleua is often found in our houses, and is* useful, as 
it destroys the death-watches {AnoUum) that are sometimes very 
injurious. Trichodes apiarius, a very lively-coloured red and 
blue beetle, destroys the larvae of the honey-bee, and Lampert 

has reared Trichodes advearius 
from the nests of Chalicodoma 
muraria, a mason-bee; he re- 
cords that one of its larvae, 
after being full grown, remained 
twenty - two months quiescent 
and then transformed to a pupa. 
Still more remarkable is a case 
of fasting of the larva of Tri- 
chodes amrnios recorded by 
Mayet;^ this Insect, in its 
immature form, destroys Acri- 
dium maroccanum; a larva sent 
from Algeria to M. Mayet refused such food as was oOered to 
it for a period of two and a half years, and then accepted 
mutton and beef as food ; after being fed for about a year and a 
half thereon, it died. Some Cleridae bear a great resemblance 
to Insects of other families, and it appears probable that they 
resemble in one or more points the Insects on which they feed. 
Tlie species are now very numerous, about 1000 being known, 
but they are rare in collections ; in Britain we have only nine 
species, and some of them are now scarcely ever met with. 

Fam. 67. Lymexylonidae. — Monyate beetles, with soft integvr 
menls, frond and middle coxae exserted, longitudinal in position ; 
tarsi slender, five-jointed ; antennae short, serrale, but rather broad. 
Although there are only twenty or thirty species of this family, 
they occur in most parts of the world, and are remarkable on 
account of their habit of drilling cylindrical holes in hard wood, 
after the manner of Anobiidae. The larva of Lymexglon navale was 
formerly very injurious to timber used for constructing ships, but 
of late years its ravages appear to have been of little importance. 
The genus Atra^stocerus of a few species of very abnormal 

^ Ann, Soe, ent, France, 1894, p. 7. 
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Coleoptera, the body being elongate and vermiform, the elytra 
reduced to small, fuuctioiiless appendages, while the wings are 
ample, not folded, but traversed by strong longitudinal nervures, 
and with only one or two transverse nervures. Owing to the 
destruction of our forests t!ie two British Lymexylonidae — L, 
luivcde and Jfylecoetus dennestoidea — ai*e now very rarely met 
with. 

Fam. 68. Dascillidae. — Small or moderate-sized heetles, with 
rather flimsy integuments, antennae either serrate, filiform, or 
even made flabellate hy long appen- 
dages ; front coxae elongate, greatly 
exserted ; abdomen with five mobile 
ventral segments ; tarsi five-jointed. 

This is one of the most neglected 
and least known of all the families 
of Colcoptera, and one of the most 
dillicult to classify ; though always 
placed amongst the Serricornia, it 
.is more nearly allied to Parnidae 
and Byrrhidae, tluit are placed in 
Clavicornia, than it is to any of the 
ordinary families of Serricornia. It 
is probable that careful study will 
show that it is not natural as at present constituted, and that the 
old families, llascillidae and Cyphonidae, now comprised in it, will 
have to l)e s(?parated. Only about 400 species are at present 
known; but as nearly 100 of these have been detected in New 
Zealand, and 17 in Britain, doubtless the numbers in other 
parts of the world will prove very considerable, these Insects 
having been neglected on account of their unattractive exterior, 
and fragile structure. The few larvae known are of tliree or 
four kinds. That of Dascillus cervinvs is subterranean, and is 
believed to live on roots ; in form it is somewhat like a Ijimelli- 
corn larva, but is straight, and has a large head. Those of the 
Cypliorydes are aquatic, and are remarkable for possessing antennae 
consisting of a great many joints (Fig. 132, A). Touniier 
describes the larva of Hdodes as possessing abdominal but not 
thoracic spiracles, and as breathing by coming to the surface of 
the water and carrying down a bubble of air adhering to the 
posterior part of the body; the larva of Hydrocyphon (Fig. 132, A) 



Fic . 132. — ilydfocjfphon deJttxicoHis, 
Uritain. A, Larva (aUer Touruier) ; 
B, iniuf^o. 
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possesses several liuger-like pouches that can be exstulpated at 
the end of the body. It is probable that these larvae are carni- 
vorous. The imago of this Insect alnjimds on the bushes along 
the banks of some of the rapid waters of Scotland ; according to 
Tournier, when alarmed, it enters the water and goes beneath it 
for shelter. The third form of larva belongs to the genus JBWi- 
netvA, it lives on fungoid matter on wood, and has ordinary 
antennae of only four joints.^ It is very doubtful whether 
Euchietus is related to other Dascyllidae ; some authorities indeed 
place it in Silphidae. 

Fam. 69. Bhipiceridae. — Tarsi Jive-jointed, furnished with 
a rolmst onyehium {a straight chitinous process bearing hairs') 

between the claws ; antennae of 
the male bearing long processes, 
and sometimes consisting of a 
large number of jo ints, Man- 
dibles robust, strongly curved, 
and almost calliper -like in 
form. TJiis small family of 
less than 100 species is widely 
distributed, though confined to 
the warmer regions of the 
earth, a single species occur- 
ring in the extreme south of 
Eastern Europe. Very little 
is known as to the natural 
history. The larva of Colli- 
rhipis dejeani (Fig. 133, A) is 
described by Schiodte as haird, 
cylindricfd in form, atid peculi- 

PiG. 138. — Ml. Jjarvtt of Oallirhipia d^eani H-rly trunCClte behind, SO that 

(after Sclniidte) ; B, Rhipicei’a Mystacina there appear to be Only eisht 

male, Australia ; Ci under side of its bind - _ ^ . 

foot. abdominal segments, the ninth 

segment being so short as to 
look like an opei'culum at the extremity of the body. ,It lives 
in wood. 



Fam. 60. Elateridae (Click’beetles). — Antennae more or less 
serraie along the inner margin, frequently pectinate, rarely, 
filiform. ]f\ont coxae small, sphericcd. Thorax ustudly with 
1 Perris, Ann. Soe. end. France (2) ix. 1851, p. 48. 


CLICK-BEETLES 


257 



hind angles mme or less prolonged hacktvards ; vrith a prosternal 
process that can he received in, ami mually can move in, a 
mesosternal cavity. Hind coxa with a plate, above which the femur 
can he received. Visible ventral segments usually five, only the 
tefrminal one being mobile. Tarsi five-jointed. This large family 
of Coleoptera comprises about 7000 
species. Most of them are readily 
known by their peculiar shape, and 
by their faculty of resting on the 
back, stretching themselves out 
flat, and then suddenly going off 
with a click, and tlius jerking 
themselves into the air. Some, 
however, do not possess this faculty, 
and certain of these arc extremely 
difficult to recognise from a defi- 
nition of the family. According 
to Bertkau' our British Lacon 
murinm is provided near the 
tip of the upper side of the ab- 
domen with a pair of eversible 

glands, comparable with those that are better known in I^pi- 
dopteious larvjie. He states that this Insect does not try 
to escape by leaping, but shams death and “ stinks away ” its 
enemy. The glands, it would apiiear, become exhausted after th(! 
operation has been rei)eated many times. The extent of the leax> 
executed by click-ljeetles differs greatly; in some species it is 
very slight, and only just sufficient to turn the Insect right side 
up when it has been placed on its b^ick. In some cases tlic 
Insects go through the clicking movements with little or no 
appreckble result in the way of consequent propulsion. Although 
it is difficult to look on this clicking power as of very great value 
to the Elateridae, yet their organisation is profoundly modified so 
as to permit its accomplishment. The junction of the prothorax 
with' th^ after-body involves a large number of X)ieces which are 
all more or less changed, so that the joint is endowed with greater 
mobility than usual ; while in the position of repose, on the other 
hand, the two parts are firmly locked together. The thoracic 
stigma is of a highly remarkable nature, and the extensive 
* Arch, Nalutgeack, xlviii. 1, 1882, p. 371. 


134. — AthouH rlnmibeim, N«w 
Forest. Larva ; Bi feiuiilu 

imago. 
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'membrane in which it is placed appears to be elastic. Although 
the mechanics of the act of leaping are still obscure, yet certain 
points are clear ; the prosternal process possesses a projection, or 
notch, on its upper surface near the tip ; as a preliminary to 
leaping, this projection catches against the edge of the ineso- 
sternal cavity, and as long .as this position is maintained the 
Insect is quiescent ; suddenly, however, the projection slips over 
the catch, and the prosternal process is di’iven with foice and 
rapidity into the mesosternal cavity pressing against the front 
wall thereof, and so giving rise to the leax). 

Several larvae are well know’ll ; indeed the “ wire-worms " 
that ai'e sometimes so abundant in cultivated places are larvae 
of Elatcridae. In this instar the form is usually elongate and 
nearly cylindrical ; the thoracic scgnieiits ditfer but little from 
the others except that they bear rather short legs; the skin 
is rather hard, and usually bears punctuation or sculpture; 
the body frequently terminates in a very hard process, of 
.irregular shaiie and bearing x>ec^liar sculpture on its upper 
surface, while beneath it the xiromiiient anal orifice is placed : this 
is sometimes furnished with hooks, the function of which has 
not yet been observed. The majority of these larvae live in 
decaying wood, but some are found in the earth ; as a rule the 
growth is extremely slow, and the life of the larva may extend 
over two or more years. Some obscurity has prevailed as to their 
food ; it is now considered to be cliiofly flesh, though soine species 
probably attack decaying roots ; and it is understood that wire- 
worms destroy the living roots, or underground stems, of tlie crops 
they damage. Various kinds of Myriapods (see Vol. V. p. 29) are 
often culled "wire-worm,” but they may be recognised by x^ossessing 
more than six legs. The larvae of the genus Cardiophorus are very 
different, being remarkably elongate without the peculiar terminal 
structure, but apx)arently composed of twenty-three segments. 

The genus Pyrophorus includes some of the most remarkable 
of light-giving Insects. There are upwards of 100 species, 
exhibiting much diversity as to the luminous organs; some 
are not luminous at all; but all are peculiar to the New World, 
with the exception that there may possibly be luminous species, 
allied to the American forms, in the Fiji Islands and the New 
Hebrides. In the tropics of America the Pyrophorus, or Guciijos^ ^ 
form one of the. most remarkable of the natural phenomena. 
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The earliest European travellers in the New World were so im- 
pressed by these Insects that descriptions of their wondrous display 
occupy a prominent position in the accounts of writers like Oviedo^ 
whose works are nearly 400 years ol(L Only one of the species 
has, however, been investigated. P, noctihicua is one of the most 
abundant and largest of the Pyropliorm, and possesses on each side 
of the thorax a round polished space from wliich light is given 
forth ; these are the organs called eyes by the older writers. 
Besides these two eye-like lamps the Insect possesses a third 
source of light situate at the base of the ventral surface of the 
abdomen ; there is no trace of this latter lamp wh(‘n the Insect 
is in repose ; but when on the wing the abdomen is l>ent away from 
the breast, and then this source of light is exposed ; hence, when 
flying, this central luminous body Ciiii be alternately displayed 
and concealed by means of slight movements of the al)domdn. 
The young larva of 1\ noctilucm is luminous, having a light- 
giving centre at the junction of the head and thorax ; the older 
larva has also numerous luminous points along the sides of the 
body near the spiracles. It is remarkable that there should 
be three successive seats of luminescence in the life of the same 
individual. The eggs too are said to be luminous. The light 
given off by these Insects is extremely pleasing, and is used by 
the natives on nocturnal excursions, and by the women for orna- 
ment. The structure of the light-organs is essentially similar 
to that of the Jjampyridae. The light is said to be the most 
economical known ; all the energy that is used being converted 
into light, without any waste by the formation of heat or 
. chemical rays. The subject has been investigated by Dul)oiM,* who 
comes, however, to conclusions as to the physiology of the 
luminous processes different from those that have been reached 
by Wielowiejski and others in their investigations on Glow- 
worms. He considers that the light is produced by the reactions 
of two special substances, luciferase and luciferine. Luciferase 
is of the nature of an enzyme, and exists only in the luminous 
organs, ip the form, it is supposed, of extremely minute granules. 
Luciferine exists in vthe blood; and the light is actually evoked 
by the entry of blood into the luminous organ. 

We have given to this family the extension assigned to it by 

^ /'Les ilat^ridea lumineux,*’ Bull. Soc. Bool. France^ xi. 1880; also Lt^onn 
do PhyoiologU FftriSi 1898, and O.B. At. Bti. oxxiii. 1896, p. 658. 
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Schiodte. T-iCconte and Horn also adopt this view, except that 
they treat Tliroscides as a distinct family. By most authors 
Bucneniides, Throscides, and Cebrionides arc all considered dis- 
tinct families, but. at present it is almost impossible to separate 
them on satisfactory lines. The following table from Leconte 
and Horn exhibits the characters of the divisions so iar as* the 
imago is concerned : — 

Posterior coxacs laminate ; trochanters small. 

Labriim concealed ; antennae somewhat distant from the eyes, their 
insertion narrowing the front . . . Eucnemides. 

Labriim visible, free ; antennae arising near the eyee under the frontal 
margin . . . . . Elaterides.- 

Labriim transverse, connate with the fn)!!!. 

Ventral segments six ; claws simple ; tibial spurn well develojied. 

Cebrioxideb. 

Ventral segments five ; claws serrate ; tibial spiim moderate. 

Perothopides. 

Posterior coxiw not laminate; ti'ochantei's of middle and posterior 1^ very 
long ....... Oerophytides. 


Tliroscides are considered to be distinguislicd by ther 
mesosternum being impressed on each side 
in front for the accommodation of the 
posterior face of the front coxae. The 
genus ThrosvMs has the antennae clavate. 
The classification of the Elaterides and 
these forms is a matter of the greatest 
difficulty, and, if the larvae are also 
considered, becomes even more complex. 
Cebrionid larvae are different from 
those of any of the other divisions, and 
possess laminate, not calliper-like, man- 
dibles. The larvae of Eucnemides (Fig. 
136) JU’c very little known, but are 
highly remarkable, inasmuch as it is 
n. sp. ■^1 difficult to find any mouth-opening 

side ; B, under side ; s ill Bome of them, and they havec no legs. 

S The other divisions possess very few species 
under side of terminal seg- compared with Elaterides. In Britain 
ment ; a, aiiu.. about sixty species of Elate- 

rides, fonr of Throscides and three of Eucnemides ; Cerophytum 
was probably a native many years ago. Neither Perothopides 
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nor Cebrionides are represented in our fauna ; the former of these 
two groups consists only of four or five North Americiin spc^oies, 
and the Cerophytides are scarcely moi*e numerous. 

Fam. 61. Buprestidae. — Aixienmie sen^aU, never elongate; 
pn'othorax fitting closely to the after-hody, with a jn'ocess received 
into a cavity of the mesosternum so as to permit of iw movements 
of nutation. Five visible ventral segments, the first usually 
elongate, closely united %cith the sej^ond, the others mobile. Tarsi 
five-jointed, the first four joints tisually with membranous pads 
beneath. This family is also of large extent, about 5000 species 


being known. Many of them are remarkable for tlie magiiificeuce 

of their colour, which is usually metallic, and often of tlie greatest 

brilliancy ; he.nce their wing-cases are 

used by our own species for adorn- \ / 

ment. The elytra of the eastern kinds WKS I j 

of the genus Sternocem arc of a very 'V ^ 

brilliant green colour, and are used 

extensively as embroidery for the 

dresses of ladies ; the bronze elytra . 

of Bupreslis {Euchroma) gigantea iV i \ 

were used by the native cliieftsiins in j \ 

South America as leg -ornaments, a ^ 

large number being strung so as to \ J 

form a circlet. The integument of f \ 

the Buprestidae is very thick and hard, 4 > 

so as to increase the resemblance to . , - „ . 

metal. The dorsal plates of the abdo- gonath (after Schiii<lte) ; B, imago 
men are usually soft and colourless in Mdatiophiia decmtitpiM. 

beetles, but in Buprestidae they are 

often extremely brilliant. The metallic colour in these Insects is 
not due to pigment, but to the nature of the surface. Buprestidae 
appear to enjoy the hottest sunshine, and are found only where there 
is much summer heat. Australia and Madagascar are very rich 
in species and in remarkable forms of the family, while in Britain 
we possess only ten species, all of which are of small size, and 
nearly all are excessively rare. The family is remarkably rich in 
fossil forms; no less than 28 per cent of the Mesozoic beetles 
found by Heer in Switzerland are referred to Buprestidae. 

The larvae (Fig. 136, A) find nourishment in living vegetable 
matter, the rule being that they form galleries in or under the 
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bark of trees and bushes, or in roots thereof ; some inhabit the 
stems of herbaceous plants and one or two of the smaller forms have 
been discovered to live in the parenchyma of leaves. A few are said 
to inhabit dead wood, and in Australia species of Ethon dwell in 
galls on various plants. Biiprestid larvae are of very remark^.ble 
shape, the small head being almost entirely withdrawn into the 
very bread thorax, while the abdomen is slender.' A few, how- 
ever, depart from tliis shape, and have the thoracic region but 
little or not at all broader than the other parts. The larvae of 
Jvlodis — a genus that inhabits desert or arid regions — are 
covered with hair; they have a great development of the 
mandibles ; it is believed that they are of subWranean habits, 
and that the mandibles are used for burrowing in the earth. 
Only the newly hatched larva is, however, known. 


Series IV. Heteromera. 

7 (7 m of the front and middle legs with five, those of the hind 
legs with four, joints^ 

This series consists of some 14,000 or 15,000 species. 
Twelve or more families are recognised in it, but the majority of 
the species are placed in the one great family, Tenebrionidae. 
The number of visible ventral segments is nearly always five. 
Sevenil of the families of the series are of doubtful validity ; 
indeed beyond that of Tenebrionidae the taxonomy of this series 
is scarcely more than a convention. The larvae may be con- 
sidered as belonging to three classes ; one in which the body is 
cylindrical and smooth and the integument harder than usual in 
larvae ; a second in which it is softer, and frequently possesses 
more or less distinct pseudopods, in additio^n to the six thoracic 
legs ; and a third group in which hypemietamorphosis prevails, 
the young larvae being the creatures long known as Triungulins, 
and living temporarily on the bodies of other Insects, so that 
they were formerly supposed to be parasites. ^ 

^ It seems impossible to understand the morphology of the anterior segments by 
mere inspection ; the anterior spiracle being seated on the segment behind the'* 
broad thorax. Considerable difference of opinion has prevailed as to what is head, 
what thorax ; the aid of enibiyology is necessary to settle the point. The larva 
'described by Westwood (Jfod. CUusif, L 1839, p. 229), and figured as probably 
attenuata, is doubtless a Pa^id. 
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Tam. 62 . Tenebrionidae.^ — Front coxae shorty not ;^ojectintj 

from the cavities, enclosed hehi^id. Feet destitute of lohed joints, 

Claios smooth. This is one of the largest families of Coleoptera^ 

about 10,000 species being already knoWn. A very large portion 

of the Tenebrioiiidac are entirely terrestrial, wings suitable for flight 

being absent, and the elytra fi*equently more or less soldered. Such 

forms are described in systematic works as apterous. Unfortunately 

no comprehensive study has 

ever been made of tlie wings 

or their rudiments in these \ 

** apterous forms.” ^ It is prob- - 

able that the \Cings, or their 

rudiments or vestiges, always 

exist, but in various degrees of 

development according to the 

species, and that they are never A 

used by the great majority of the 

terrestrial forma Many of the tig. ld7.— reveftriorntfittir, Europe, etc. A, 
, p ,. ^ t • ‘i (meal-worm); B, pupa (after 

wood - feeding Teiiebnonidae, SchiSdte) ; imago. 

and the genera usually placed 

at the end of tlio family, possess \^ingB well adapted for flight 
The apterous forms are chiefly ground -beetles, living in dry 
places ; they are very numerous in Africa, California, and 
North Mexico. Their colour is nearly always black, and this is 
probably of some physiological importance ; tlie integuments are 
thick and hard, and if the wing-cases are taken off, it will be 
found that they arc usually more or less yellow on the inner face, 
even when jet-black externally ; the external skeleton is very closely 
fitted together, the parts that are covered consisting of very delicate 
membrane ; the transition between the hard and the membranous 
portions of the external skeleton is remarkably abrupt. These 
ground-Tcnebrionidae form a very interesting study, though, on 
account of their unattractive appearance, they have not received 
the attention they deserva 

Maftiy of the Tenebrionidae, notwithstanding their dark 

^ Casey has examined the wings in the genus Blapatinua (an apterous” 
genus), and. found that the wings are extremely varied in develojimeiit, according 
to the species ; in no case, however, did they appear to bo capable of giving more 
than a laboured and feeble flight. — Ann, New York Ac. v. 1890, i>. 416. 

In Eleodee, though the meso- and meta-notum are formed of delicate membrane, 
the wings exist as minute flaps, requiring some examination for their detection. 



264 


COLEOPTERA 


CHAP. 


colours, are diurnal in habits, and some of them run 
with extreme velocity in places so bare and desert that the 
means of existence of the Insects is a mystery. Most of the 
Tcnebrionidae, however, shun the light. The food is usually 
vegetable matter, and it is apparently preferred in a very dry 
state. Mr. Gahaii has recently recorded that in PmogeiMi 
the under surface of the head has the gular region striate for 
striduhitiiig purposes. This is the only instance known of a 
voice -organ in this situation, and moreover is the only case 
in all the Tenebrionidae in which any sound-producing organ 
has been (iiscovered. The larvijo exliibit but little variety, they 
are elongate and cylindrical, with harder integument than is usual 
in Coleopterous larvae ; they have six thoracic legs, and at the 
under side of the posterior extremity the anus serves as a very 
short pseudopod. The resemhlanci^ of these larvae to those of 
Elateridae is considerable ; but though the body is terminated by 
one or two small processes, these never attain the complexity of 
the terminal segment of Elateridae. The common meal-worm — 
i.e. the larva of Tenehrio molitor — is a vtjry characteristic example 
of the group. The pupae are remarkable on account of peculiar 
projections, of varied and iiTegular form, that exist on the sides 
of the abdominal segments. Britain is very poor in these Insects ; 
our list of them scarcely attains the number of thirty species. 

Fam. 63. Oistelidae. — Claws comJ)4ike, The very obscure 
beetles forming this family are only separated from Teiiebrionidae 
on account of their pectinate claws. About 500 species of Cis- 
telidae are recorded ; the early instars, so far as known, do not 
differ from those of Tenebrionidae ; the larvae are believed to live 
on dead wood. 

Fam. 64. Lagriidao. — Anterior coxal cavities closed^ tips of 
the frord coxae free, claws smooth, penvltimate joint of the tarsi 
broader, pubescent beneath. This family lias veiy little to dis- 
tinguish it from Tenebrionidae, and the group Heterotarsini 
appears to connect the two. It is a small family of about 200 
species, widely distributed, and represented in Britain Jby one 
species, Lagria hirta. The early instars are similar to those of 
the Tenebrionidae, except that the larva is less retiring in its 
habits and wanders about on foliage : it is of broader form than 
that of most of the Tenebrionidae. The pupa has long projections 
at the sides of the abdominal segments. 
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Fam. 66. OtUiiidae. — Only about ten species are known of this 
dubious family. They are small Insects with weak integument, 
and are said by Leconte and Horn to be distinguished from 
" degraded Tenebrionidae ” by the more mobile abdominal seg- 
ments, the hind-margins of which are semi-membranous. The 
antennae are of the clubbed shape, characteristic of “ Clavicornia,” 
but this also occurs in numerous undoubted Tenebrionidae. 
Species of OtJinim have been found in Japan and Borneo, as 
well as in Korth America. Nothing is known as to their 
metamorjdioses. 

Fam. 66. JEgialitidae. — All the coxae very widely separated; 
no co-adaptation heUoeen the sides of the ahdomen and the edyes of 
the voiwj-ccLses ; five ventral seyments and tip of a sixth visible,. 
IVo minute and rare Insects from North-West America constitute 
tliis family. It is distinguished from Pythidae by the minute 
front coxae, widely separated, completely closed in, anti deeply 
embedded in the prosternum. 

Fam. 67. Monommidae. — This is a small family of less than 
too species, the members of which have tlie details of their 
external structure much modified, permitting the Insect to pack 
itself up in repose in a very perfect manner. Tliey are of small 
size and oval form ; and are absent from Europe and the Anti- 
podes. Nothing appears to be known as to the metamorphosis. 

Fam. 68. Nilionidae. — Broad, circular Heteromera, of moderate 
size, vnth the front coxae but little separated^, and the anterm' 
acetahvla closed, though having the appearance of being open in 
consequence of the tips of the epimera being free. The inflexed 
portion of the wing-cases remarkably broad. A small family of 
less than fifty si)ecies, found on fungi, chiefly in South America. 
The metamorphoses are not known. It is of very doubtful 
validity. 

Fam. 69. Melandryidae. — Head not constricted behind the 
eyes ; anterior acetabvla not closed ; claws smooth. Prothorax h'oad 
behind. These are loosely- fitted- together Insects, of moderate 
or small size, frequenting dry wood or fungL About 200 species 
are known, found chiefly in temperate regions. The few described 
larvae are rather varied in their details and cannot be generalised 
at present. The characters of the members of this family require 
fresh investigation. 

Fam. 70. Pythidae. — ^Distinguished from Melandryidae by the 
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prothorax being narrow behind. This is a small family of about 
100 species, found in temj^rate regions in connection with 
timber. The species of Bhinosimns have the head prolonged in 
front of the antennae so as to form a beak. The larva of Pytlw 
depressm is flat and has parallel sides ; the body is terminated by 
two widely-separated sharp processes. It is found occasionally 
under the bark of firs in Scotland. 

Fam. 71. Pyrochroidae. — Differs from Melandryidae by the 
head forming a very narrow neck behind, and by the penultimate 
tarsiil joints being broad. They are feeble Insects, though active 
on the wing. They are destitute of any of the various remark- 
able structures found in Mordellidae. Only about forty speciea 
are known, and the family is confined to the north temperate 
region, being best represented in Japan. Pyrochroa ruheris is 
common in some parts of England ; the larva is found under 
the bark of tree-stumps ; it is remarkably flat, and has the eighth 
abdominal segment unusually long, while the ninth terminates 
the body in the form of two long sharp processes. 

Fam. 72. Anthicidae. — Head vnth an abrupt narrow neck ; 
prothorax nafrower than the elytra. Middle and hind coxae placed 
in definite acetalnUa, Claws simple. These little Insects are 
numerous in species ; they have little resemblance to Pyrochroidae, 
though the cliaracters of the two families cause us to place 
them in proximity. There are about 1000 species known ; 
though we have only about 12 in Britain, they are very 
numerous in the Mediterranean region. The family Pedilidae 
of I^acordaire and some others is now merged in Anthicidae. 
Thomson and Champion, on the other hand, separate some very 
minute InscM^ts to form the family Xylophilidae, on account of 
certain differences in the form of the abdomen and tarsi. The 
Xylophilidae live in dead wood ; the Anthicidae, on the surface of 
the earth, after the manner of ground-beetles; very little is, 
however, known as to their natural history. 

Fam. 73. Oedemeridae. — Prothorax not forming sharp edges 
at the sides, head without a wii'row neck. Penultimate tarsal 
joint broad ; claws smooth. These Insects usually have a feeble 
integument, and bear a certain resemblance to Malacodermidae. 
Less than 500 species are known, but they are widely distri- 
buted, and occur in both temperate and tropical regions. The 
larvae live in old wood. ' Nacerdes melanura is common on our 
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coasts^ where its larva lives in timber cast up by the seji, or 
brought down by floods, and it 
is able to resist ininiersiou by 
the tide. It is remarkable from 
the, possession of flve pairs of 
dorsal false feet on the anterior 
segments, and two pairs on 
the ventral aspect. In Asclera 
cdieridea there are six dorsal and 
three ventral pairs of these re- 
markable pseudopods. We have 
six species of Oedeineridae in 
Britain including Asclera as ^ 

well as Nmerdf^, B, pu^ (after Schiudte) ; C, imago. 

Fam. 74. MordeUidae (incl. Cambridge. 

Bhipiphoridae). — Head peculiarly formed, vertex lohed or ridtjCAl 
hehioid, so that in extension it reposes on the front edge of the pro- 
notum ; capable of great infection and then covering the prostermi/ni ; 
hind coxae with laminae forming a sharp edge behind, frequently 
very large. This family is a very distinct one, though it exhibits 
great variety. I^acordaire has i)ointed out that Bhipiphoridae 
cannot at present be satisfactorily distinguished from MordeUidae. 
lieconte and Horn separate the two by the fact that the sides 
of the prothorax form a sharp edge in MordeUidae, but not in 
Bhipiphoridae. A better character would perhaps be found by a 
study of the head, but as this would clearly result in a radical 
change in the composition of the two families it is ^preferable to 
treat them at present as only sub-families : if placed on a similar 
basis to the preceding families, the group would however form, 
not two, but several families. Besides the unusual shai)e of the 
head (Fig. 139, D) the ventral region of the body is remarkably 
formed, being very convex, and in many Mordellides terminating 
in a strong spinous process (Fig. 139, C). The elytra are, in 
several Bhipiphorids, of the groups Myoditini and Bhipidiiui, 
reduced^o a very smaU size, and . the wings are not folded. The 
MordeUidae are remarkable feu: their activity ; in the perfect 
state they usuaUy frequent flowers, and fly and run with extreme 
rapidity. Mordellides are amongst the most numerous and 
abundant of the European Coleoptera, and in Britain the 
Anaspini swarm on the flowers of bushes and Umbelliferae. The 
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life-histories appear to be singularly varied; but unfortunately 
they are incompletely known. The larvae of some of the 
Mordellid^ have been found in the stems of plants, and 
derive their nutriment therefrom. This is said by Schwarz 
to be undoubtedly the case with Monlcllisbena floridemu. 
Coquillett has found the larvae of M. pmtulata in plant -stems 
under circumstances that render it highly probable that they 
were feeding on a Lepidopterous larva contained in the stems ; 
and Osborn found a similar larva that was pretty certainly a 
Mordellistena^ and fed voraciously on Dipterous hirvae in the 
stems of a plant. The little that is known as to the meta- 



Fiq. 139. — Monldli- 
dena JUtrUiemis, 
America. (After 
Riley.) A, Larva ; 
B,pupA; C, imago; 
D, outline of de- 
tached heail of im- 
ago of J/. pumilct, 
to show the neck. 


morplioses of Mordella and Aimspis shows that they live in old 
wood, but does not make clear the nature of tlieir food. 

Although it has been ascertained that the Ehipiphorides 
exhibit instances of remarkable metamorphosis, their life- 
histories are still very imperfectly known. Dr. Chapman has 
ascertained some particulars as to Metoecus jparadoxns, which has 
long been known to prey in the larval state on the lai'vae of the 
common social wasps.^ The eggs are apparently not deposited in 
the nests of the wasps, but in old wood. The young larva is a 
triungulin, similar to that of the Gantharidae, we sliaU sub- 
sequently describe. It is not known how it makes its way to 
the wasps’ nests, but it is possible that when a wasp visits some 
old wood haunted by these larvae, some of them may attach 
themselves to it and be carried to the wasps’ nests. When 

* Ann. NaA. Hist. (4) vi. 1870, p. 814 ; and EnJt. Mag. xxvii. 1891, p. 18. 
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access is gained to tlie cells the little Metoecm pierces the skin of 
one of the wasp-grubs, and entering in it feeds on the interior ; 
after it has increased in size it emerges, changes its skin, and 
assumes a diflei’ent form and habits ; subsequently, as an external 
parasite, entirely devouring the wasp-larva, and then becoming a 
pupa, and finally a perfect Metoecm, in the cell of the wasp. The 
wasps, though they investigate the cells, do not appirently entertain 
any objection to the Metoectie, though there may be sonictimes us 
many as twenty or thirty of the destroyers in a single nest. A 
few hours after the Metoecu^ has Irecomc a winged Insect and lias 
escaped* from the cells, it {ippears however, from the observations 
of Em4 ^ on nests of wasps in captivity, that the wasps become 
hostile to the foreigners, and it is j)robable that in a state of 
nature these leave the nest as quickly as possible. Emenctdia 
Jlahellata, a genus allied to Metoecus, has been discovered by 
Chobaut to have a similar life-history, except that it attacks a 
solitary wasp of the genus Odyiienis?^ An old record to the 
effect that a second species of Emenadia, E. himcucidata, lives in 
the stalks of Erywjinm eampeatre, on the pith, is now thought to 
be erroneous. Fabre has found the larvae and pupae of another 
Ilhipiphorid in the cells of a bee, Haiictm seuccimtus. 

The most remarkable of the lihipiphorids, from the point of 
view of its habits, is certainly Symhim Uattarum, which is now 
treated as the saiiic as an Insect previously described by Thunl)erg 
from specimens found in amber and called Eipidim pectinicorniH. 
This species is parasitic in cockroaches ; the male and female are 
very different, the former being an active winged Insect, while 
the female is worm-like, differing but little from the larva, and 
never leaving the body of the cockroach. It is to be regretted 
that the life-history is not better known. The species has been 
found on board ship in vessels coming from India ; the male has 
been met with in several European countries, but the female is 
excessively rare. 

Fam. 76. Gantharidae or Meloidao {Bliater-heetUa, Oil-heetles). 
— Head uith an abrupt neck ; elytra and sides of the abdomen with- 
out any coadaptation ; ecadi claw of the feet with a long appendage 
closely applied beneath it. This distinct family consists of 
Heteromera with soft integument, and is remarkable for the fact 
that many of its members contain a substance that when extracted 
^ Mitt. Schweiz. evU. Gt$. iv. 1876, p. 556. ‘ Ann. Soe. ent. France, lx. 1891, p. 447. 
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' and applied to the human skin, possesses the power of raising 
blisters. The life-history is highly remarkable, the most complex 
forms of hyper-metamorphosis being exhibited. The species now 
known amount, to about . 15 00; there can be no difficulty in 
recognising a member of the family by tlie above characters, 
except tliat in a very few aises each claw bears a projecting 
tooth, instead of an elongate appendage parallel with itself. The 
penultimate tarsal joint is scarcely ever broader than . the pre- 
ceding ; the colour and style of markings aie extiemely varied. 
There are two veiy distinct sub - families, Cantharides and 
Meloides; the former are winged Insects, and ai*e frequently 
found on flowers or foliage. The Meloides are wingless, and 
consequently terrestrial ; they have a very short inetasternum/ 
so that the middle coxae touch the hind; and they also have 
very peculiar wing-cases, one of tlie two overlapping the other 
at the base ; in a few Meloids the wing - cases are merely 
rudiments. 

The post-embryonic development of these Insects is amongst 
the most remarkable of modern entomological discoveries. The 
first steps were made by Newport in 1851,^ and the subject 
has since been greatly advanced by Fabre, Eiley, and others. 
As an example of these peculiar histories, we may cite Eiley’s 
account^ of Hjiicauta vittata (Fig. 140), a blister-beetle living 
at the expense of North American locusts of the genus Galop- 
tenua. The locust lays its eggs underground, in masses sur- 
i-ounded by an irregular capsule, and the Epicauta deposits its 
eggs in spots frequented by the locust, but not in special 
proxiniity to the eggs thei-cof. In a few days the eggs of 
the blister-beetle hatch, giving rise to little larvae of the ku^ 
called triungulin (Fig. 140, A), because each leg is terminated tefej 
three tarsal spines or claws. In warm, sunny weather thew 
triimguliris become very iictive ; they run about on the surfac^ 
of the ground exploring all its cracks^ penetrating various spots 
and bun-owing, till an egg-pod of the locust is met with ; into 
this the triungulin at once eats its way, and commences to^devour 
An egg. Should two or more triungulins enter the same egg-pod, 
battles occur till only one is left. After a few days passed in 

^ “ On the Natural History, Anatomy, and Development of the Oil-Beetle, 
Meloe,"* Tr, Linn, Soe, xx. 1S51, p. 297 ; and xxL 1858, p. 167. 

* Jkp, U.S, ent, ComtniBsion, L 1878, p. 297. 



devouring a couple of eggs, the triungulin sheds its skin and 
■appears as a different larva (Fig. 140, B), with toft skin, short 
legs, small eyes, and different form and proportions; a second 
moult takes place after about a wec^k, but is not accompanied by 
any very great change of form, though the larva is now curved, 
less’ active, and in form like a larva of Scarabaeidae ; when 
another moult occurs the fourth iiistar appears as a still more 
helpless fonn of larva (Fig. 140, D), which increases rapidly 
in size, and when full grown leaves the rtuuains of the egg-pod 



Fig. 140. — Hypermetamorphosis of KpieaiUa viUMa. North America. (After Riley.) 
A, Youug larva or trimigulin ; B, Ooraboiil iiistar or second larva; G, coarctate 
larviH or instnr between the Scarabaeoid and Scolytoid lan'a ; D. Scaraboeoid larva, 
from which tlie Scolytoid, or sixth, instar differs but little ; E, pupa ; F, Imago. 

itilias been living on, and forms a small cavity near by ; here it 
lito on one side motionless, but gradually contracting, till the 
.skin separates and is pushed down to the end of the body, dis- 
/^losing a completely helpless creature that has been variously 
called a semi-pupa, pseudo-pupa, or coarctate larva (Fig. 140, C) ; 
in this state the winter is passed, lii spring the skin of the 
coarctate larva bursts, and there crawls out of it a sixth instar 
which resembles the fourth (Fig. 140, D), except in tlie somewhat 
reduced size and greater whiteness. It is worthy of remark that 
' the skin it lias deserted retains its original form almost intact. 
In this sixth instar the larva is rather active and biiiTows about, 
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but does not take food, and in the course of a few days again moults 
and discloses the true pupa (Fig. 140, E). As usual in Goleoptera 
this instar lasts but a short time, and in five or six days the perfect 
beetle appears (Fig. 140, F). It is extremely difficult to frame any 
explanation of this complex development ; there are, it will bo 
noticed, no less than live stages interposed between the first 
larval instar and the pupal instar, and tlie creature assumes in 
the penultimate one a quasi-pupal state, to again quit it for 
a return to a previous state. It is possible to look on the 
triungulih and the pupal instars as special adaptations to external 
conditions ; but it is not possible to account for the intermediate 
instars in this way, and we must look on them as necessitated by 
the physiological processes going on internally. Nothing, how- 
ever, is known as to these. It may be well to mention that, 
after describing and figuring (Joe, cit,) this series of instars, Eiley 
changed his views as to their nomenclature.^ Tlie following 
summary of the metamorphosis, to which we have added the two 
nomenclatures of Eiley — the original one, when different from the 
amended one, being given in square brackets — may therefore be 
useful, viz. — Egg ; 1, triuiigulin-larva — moult ; 2, Caraboid larva 
[second larva, Caraboid stage] — moult; 3, Scarabaeoid larva 
[second larva, Scarabaeoid stage] — moult ; 4, Scarabaeoid larva 
[second larva, ultimate stage] (large amount of food and much 
growth) — moult ; 5, coarctate larva [pseudo-pupa, or semipupa] ; 
6, Scolytoid larva [third larva] (active, but little or no food taken) 
— ^moiilt ; 7, pupa — moult ; 8, perfect Insect. 

M. Fabre has succeeded in elucidating the history of Sitaris 
hitmeralis, a Cantharid that lives at the expense of bees of the 
genus Anthophora? The eggs of the Sitaris are deposited in 
the earth in close proximity to the entrances to the bees' nests, 
about August. They arc very numerous, a single female pro- 
ducing, it is believed, upwards of 2000 eggs. In about a mouth 
— towards the end of September — they hatch, producing a 
tiny triungulin of black colour; the larvae do not, however, 
move away, but, without taking any food, hibernate ii^ a heap, 
remaining in this state till the following April or May, when 
they become active. Although they are close to the abodes of 
the bees they do not enter them, but seek to attach themselves- 

* Amer, Nat, xxu, 1888, p. 790. 

^ For illustration of this metamorphosis, see Vol. V. p. 159 of this work. 
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to auy hairy object tliat may come near them, and thus a certain* 
number of them get on to the bodies of the Anthophora and ai*e 
carried to its nest. They attacli themselves with equal, readiness 
to any other hairy Insect, and it is {nrobable that very large 
numbers perisli in consequence of attaching themselves to the 
wrong Insects. The bee in question is a species that nests in 
the ground and forms cells, in each of which it places honey and 
lays an egg, finally closing the receptacle. It is worthy of 
remark that in tlie case of the Anthophora observed by M. 
Fabre, the male appears about a month belbre the female, and it 
is probable that the vast majority of the predatory larvae attach 
themselves to the male, but afterwards seize a favourable 
opportunity, transfer themselves to the female, and so get 
carried .to the cells of the bee. When she deposits an egg on 
the honey, the triungulin glides from the body of the bee on to 
the egg, and remains perched thereon as on a raft, tioatiiig on 
the honey, and is then shut in by the bee closing the cell. This 
remarkable act of slipping on to the egg cannot be actually 
witnessed, but the experiments and observations of the Frencli 
naturalist leave little room for doubt as to the matter really 
happening in the way described. The egg of the bee forms the 
first iiutrimeiit of the tiny triungulin, which spends about eight 
days in consuming its contents ; never quitting it, because contact 
with the surrounding honey is death to the little creature, which 
is entirely unfitted fqr living thereon. After this the triungulin 
undergoes a moult and appears as a very different creaturt^, being 
now a sort of vesicle with the sjiiracles placed near the upper part ; 
so that it is admirably fitted for floating on the honey (Vol. V. 
Fig. 86, 10). In about forty days, that is, towards the . middle 
of July, the honey is consumed, and the vesicular larva after a 
few days of repose changes to a pseudo-pupa (1-1 of the fig. 
cited) within the lar\:al skin. After remaining in this state for 
about a month, some of the specimens go through the subsequent 
changes, and appear as perfect Insects in August or September. 
The majoyity delay this subsequent metamorphosis till the follow- 
ing spring, wintering as pseudo-pupae and continuing the series 
of changes in June of the following year ; at that time the pseudo- 
pupa returns to a larval form (12 of the fig. cited), differing com- 
paratively little from the second instar. The skin,though detached, 
is again not dfied, so that this ultimate larva is enclosed in two 
VOL. VI T 
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dead skins ; in this curious envelope it turns round, and in a couple 
of days, having thus reversed its position, becomes lethargic and 
changes the true pupa, and in about a month subsequent to 
this appears as a perfect Insect, at about the same time of the 
year as it would have done had only one year, instead of two, 
been occupied by its metamorphosia M. Fabre employs the 
term, third larva, for the instar designated by Eiley Scolytoid 
larva, but this is clearly an inconvenient mode of naming the 
instar. Sitaris hunruralis is now very rare in Britain, but it 
seems formerly to have been more common, and it is not 
improbable that its triungulin may have been the " Pedicvlns 
mdittael' that was believed by Kirby to be a sort of bee-louse. 
Some s^iecies of the genus Meloe are still common in Britain, and 
the Insects maybe seen with heavy distended abdomen grazing on 
herbage in the spring. The females are enormously prolific, a single 
one producing, it is believed, about 10,000 eggs. Mdot is also 
dependent on ArUhophora, and its life-history seems on the whole 
to be similar to that of Sitaris; the eggs are, however, not 
necessarily deposited in the neighbourhood of the bees’ nests, 
and the triungulins distribute themselves on all sorts of un- 
suitable Insects, so that it is possible that not more than one in 
a thousand succeeds in getting access to the Anthophora nest. It 
would be supposed that it would be a much better course for these 
bee-frequenting triungulins to act like those of Epicauta, and hunt 
for the prey they are to live on ; but it must be remembered that 
they cannot live on honey ; the one tiny egg is their object, and 
this apparently can only be reached by the method indicated by 
Fabre. The history of these Insects certainly forms a most 
remarkably instructive chapter in the department of animal 
instinct, and it is a matter for surprise that it should not yet 
have attracted the attention of comparative psychologists. The 
series of actions, to be perforined once and once only in a 
lifetime by an uninstructed, inexperienced atom, is such that we 
should a priori have denounced it as an impossible means of 
existence, were it not shown that it is constantly successful. It 
is no wonder that the female Mslos produces 5000 times more 
eggs than are necessary to continue the species without diminu- 
tion in the number of its individuals, for the first and most 
important act in the complex series of this life -history is 
accomplished by an extremely indiscriminating 'instinct ; the 
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newly hatched Meloe. has to get on to the body of the female of 
one species of bee ; but it has no discrimination whatever of the 
kind of object it requires, and as a matter of fact, passes with 
surprising mpidity on to any hairy object that touches it ; hence 
an enormous majority of the young are %rasted by getting on to 
all sorts of other Insects; these larvae have been found in 
numbers on hairy Coleoptera as well as on flies and bees of wrong 
kinds ; the writer lias ascertained by experiment that a camel’s- 
hair brush is as eagerly seized, and passed on to, by the young 
Meloe as a living Insect is. 

The histories of several other Gautbarids have been more or 
less completely discovered. Fabre has found the larva of 
Ceroeoma sehaefferi attacking the stores of provisions laid up by 
a fossorial wasp of the genus Tnehytes, and consisting of 
Orthoptera of the family Mantidoe. The student who wishes 
for further information may refer to M. Beauregard’s work on 
this family.^ 

Some half-dozen species of the genus Cephnloon found in 
Siberia, Japan, and North America, have, by some authorities, 
been separated as the family Cephaloidae. Nothing is known 
as to the metamorphosis of these rare beetles ; and at present it 
is not necessary to distinguish them from Cantharidae. 

Fam. 76 . Trictenotomidae. — Large Heteromera,mtU powenfid 
free projecting mandibles ; the antennae long, bat with the terminal 
three joints short, with angular projections on one side. This 
family includes only two genera and seven or eight species. 
They are very remarkable Insects ; Autoerates aenea being three 
inches long. The family is of considerable interest, as it seems to 
have no affinity with any other Coleoptera. The appearance of 
the species somewhat reminds one of Lucanidae, or Prionides; 
but Trictenotomidae have even less relation to those beetles than 
they have to the members of the Heteromerous series. The 
Trictenotomidae appear to be found only in the primitive forests 
of the Indian and Indo-Malayan regions. Nothing is known as 
to their life-histories. 

* Le$ Inseetet FAieante, Paris 1890, 664 pp. Parts of this work were pre- 
viously published in J. de FAnat, Phys,, xsi. xxii. xxiiL 1886 and 1887. 
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Series V. Phytophaga. 

Tarsi apparently fonr-jointed, the three basal joints usually densely 
set with cushionrlike pubescence beneath; the third joint 
different in form, being divided into two lobes, or grooved 
on> its upper suTface so as to allow of the fourth joint being 
inserted near its base instead of at its extremity. Head not 
forming a definite prolonged beak; its labrum visible, the 
palpi rarely {and even then not completely) occluded in the 
mouth. 

This great series of beetles includes something like 35,000 
species. It approaches, like all the other series, the Polymorpha, 
especially the family Erotylidae placed therein, but in the great 
majority of cases there is no difiiculty in recognising its 
members. The tarsi have never the Heteroinerous formula, the 
head is not constructed like that of Bhynchophora, nor the. 
mouth and feet like those of Adephaga; the antennae are 
different from those of the Lamellicorns. The tarsi arc really 
five-jointed, for careful inspection shows that the long claw-joint 
has at its extreme base a small nodule, which is undoubtedly 
the fourth joint (Fig. 142, B). In speaking of the joints it is, 
however, customary not to refer to this small and functionally 
useless joint at all, and to call the claw-joint the fourth ; when 
the little joint is referred to it may be called the true fourth 
joint. 

Nearly the whole of the enormous number of species of this 
series are directly dependent on the vegetable kingdom for 
their nutriment; they are therefore well styled Phytophaga. 
This term is, however, restricted by some systematists to the 
family we have called Ciirysomelidae. Although there is 
enormous variety in this series, three families only can be at all 
naturally distinguished, and this with difficulty. Of these the 
Bruchidae are seed -feeders, the Chrysomelidae, as a rule, leaf- 
feeders, the Cerambycidae wood and stem-feeders. The number of 
exceptions to this rule is but small, though certain Cerambycidae 
and certain Chrysomelidae live on roots. 

Faan. 77. &^ohidae. — Prosternum extremely short ; in front 
perpendicular; behind the coxae, forming merely a tra/nsverse 
lamina with pointed extremity. Hind femora more or less 
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thukened. This comparatively small family includes about 
700 species of small, unattractive beetles. The larvt^ live^iii 
seeds ; hence some of the species are liable to be transported by 
means of commei'ce ; some of them do considerable injury ; peas 
and beans being specially subject to tlieir attacka They are 
able to complete their growth with a very small amount of 
nutriment, some of them consuming only a portion a little larger 
than themselves of a bean or pea. The larvae are fat maggots 
without legs, but Riley has discovered that the young larvae of 
Brmhm pisi and B. fdbae liave, wlien first hatched, three pairs 
of legs which are subse(|uently lost. They also have peculiar 



Fig. 141. —Jintchus 
pUi or ^iea>weevi]. 
A Young larva ; 
Bfprothoracic Hpiii- 
pus procoMB ; 0, 
post-embryonic 
leg, greatly iiiagni- 
iietl ; D, pea-pod, 
with trackH of 
entry; E, portion 
of pod, with egg, 
and the siibra- 
ipiently formed 
track, riiaguitled ; 
F, imago. (After 
Riley.) 


spinous processes on the pronotuuL Roth of these characteristics 
may lie correlative with the transient differences in the activities 
of the larva, for the little creature is not at first located in the 
pea, but mines a gallery in the pod, in which it moves about, 
subsequently entering the pea and losing its legs. There is a 
good deal of difference in these respects between the two species 
— B, pisi and B. fahae — examined by Riley, and as but little is 
known of the life-histories of other Bruchidae it is probable that 
still greater variety prevails. Heeger has found that Brumhus 
lentis seflnetimes requires twoi seeds to enable it to complete its 
growth ; it is, notwithstanding its legless state when half-grown, 
able to migrate by dropping to the eartUT, and dragging itself 
along by its mandibles till it comes to another pod into which it 
bites its way. 

The family has, until recently, been placed in the Rhyncho- 
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phorous series, with which it has, however, no direct connection. 
On the other hand, it is so closely connected with Chrysomelidae 
that it is not possible to indicate good characters to distinguish 
the two at present. The Australian genus Carptyphagua, and the 
large South American species of Caryohorus appear to be quite 
indistinguishable as families, though Lacordaire and Chapiiis 
placed one in Bruchitlae, the other in Chrysomelidae. The 
definition we have given applies, therefore, to the majority of the 
family, but not to the aberrant forms just mentioned. The 
European genus Urodon appears to belong to Anthribidae, not to 
Bruchidae. The family Bruchidae is called Mylabridae by some. 

Fam. 78. Ohrysomelidae. — Antemim moderately long ; eyes 
moderately large^ usually Tiot at all sun'ounding the insertion of the 
antennae ; upper surface usiacdly hare, fretiuently brightly coloured 
and shining. This enormous family comprises about 18,000 
species of beetles, in which the form and details of structure 
are very varied. No satisfactory character for distinguishing 

Chrysomelidae from Cerambycidae has 
yet been discovered, although the two 
families arc certainly distinct and 
natural. Most of the Chrysomelidae 
live oil foliage ; few of them are more 
than half an inch long, whereas the 
Cerambycidae are wood -feeders and 
usually of more elongate form and larger 
size. Thepotato beetle, or Colorado beetle, 
that occasioned so much destruction in 
North America some thirty years ago,and 
the introduction of which into Europe 
was anticipated with much dread, is a 
^ good example of the Chrysomelidae. The 

Fio. i42.-a»»p*»r« *««. hopping beetle, is 

lineata, the potato beetle, among the smallest forms of the family, 

“ m^ber of another very exten- 
joint; 4, true fourth joint; sive subdivision of Chrysomelidae, viz. 
6. fourth joiut. Halticides. The term Phytophaga is 
by many naturalists limited to Chrysomelidae, the Cerambycidae 
being excluded. The classification of the family is but little 
advanced, but the enormous number of species of Chrysomelidae 
are placed in four divisions, viz. : — 
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Frothorax much narrower at the base than the elytra, and usually with- 
out side-mai^gins (raised edges). Sub-fam. 1. Eupoda ^ with three divisions, 
Sagrides, Donaciides, Oriocerides. 

The basal ventral plates of the abdominal segments are somewhat shorter 
ill the middle tlian at the sides, the fourth one being often invisible in the 
middle, while the fifth is very Inige. Sub-fiim. 2. Camptobomeb ; with six 
divisions, Mcgascelides, Megalopides, Clythridesj-Ciy'ptocephalidcs, Chlamydes, 
Sphaerocarides. 

In the cither two groups there is no great disparity between the fourth 
and fifth ventral pbites. 

Prothorax not greatly narrower at the base than the clytri^ and usually 
with distinct edges at the outsides. Suli-faui. 3. Ctclica ; with four divi- 
sions, Lamprosomides, Euniolpides, Chrysomelides, Galenicides. 

Front of the heatl lient downwanls or inflexed, so that the mouth is on 
the lower aspect. Antennae inserted close together on the most anterior 
part of the head, so that they are more, fonvard than the mouth. Sub-fam. 
4. Cryptostomes ; with two divisions Hispides, Cassidides. 

In the other three divisions the mouth is plac^ os usual, but the insertion 
of the antennae varies a good deal. 

The larvae of about 100 species of the family arc known; 
they are arranged in accordance with their habits, by Chapuis,* 
in six groups, viz. : 

1. Elongate larvae, living under water, and there undergoing their meta- 

morphosis. (Donaciides.) 

2. Larvae mining in leaves, and undergoing their metamorphosis in the 

leaf. (Hispides and some Halticidea) 

3. Short convex larvae, frequently with leathery and pigmented integiunents, 

living ex]xised on plants. (Most of the Cyclica.) 

4. Larvae of short form ; covering thq body with excrementitiouH matter. 

(Some CiiocerideSb) 

6. Peculiar larvae of short fonn, spiny, and protecting their bodies by 
excrementitiouH matter attacW by a spedid apparatus, the excrement 
itself being modified so as to be suitable for retention. (CassidideH.) ' 

6, Elongate, pallid, larvae with curved abdomen ; living in thell-like cases, 
and undergoing metamorphosis therein. (^lost of the Camptosomes, 
the habits of which are known.) 

Though our knowledge of these larvae extends to only about 
100 out of 18,000 species, the above category by no means 
includes all the kinds of larvae ; Captain Xambeu having 
recently discovered that the larva of Ghrysochua pretiosus lives in 
the earth feeding on roots after the manner of a Bhizotrogus 
larva, which it resembles. The* larva of Sagra spleridida lives 

' Genera dee CoHopteree {SuUee d JBuffon), x. Paris, 1874, p. 16. 
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inside the stems of Dioscorea batatas, in swellings; the group 
Sagrides, to which it belongs^ is a very anomalous ona * 

i. Eupoda. The beetles of the genus Donacia are of special 
interest. They form, with the genus Sdemonia, a peculiar gi'oup, 
well represented in Europe, and also in our own country. They are 
all connected with aquatic plants, the species of Haemonia living 
entirely under water, while the Donacia live in the imago-state 
an aerial life ; though many of them enter the water with great 
readiness, and, it is said, are able to take wing from the surface. 
The larvae live on the roots of aquatic plants, and derive not only 
nutriment but air therefrom ; they pass several months as pupae 
(or as resting larvae waiting for pupation), under water in cocoons 
which they construct, and which, incredible as it may seem, are 
filled with air, not water. Exact details as to the construction 
of these cocoons are wanting. It was formerly absurdly supposed 
that the larva swelled itself out to the size of the cocoon it was 
about to make, and so served as a mould, subsequently con- 
tracting. The observations of Schmidt-Schwedt ^ make it, however, 
more probable that the plant itself furnishes the air which, under 
pressure of the water (so he supposes), fills the cocoon ; the larva 
wounds the root, piercing to an air-vessel and then constructs 
the cocoon on this spot, leaving to the last moment an orifice, 
according to Schmidt, as an exit for the water. The larva uses 
a similar .artifice for obtaining air ; it has no gills, but is pro- 
vided near the extremity of the body with two sharp chitinous 
processes which it drives into the root of the plant till it 
penetrates an air-vesseL Schmidt thinks the processes serve as 
conduits to conduct the air to the tracheae, but Uewitz thinks 
the air enters the larva in a more normal manner, by means of a 
stigma placed at the base of the piercing process. A similar 
larva exists in Haemonia; which genus is additionally interesting 
from the fact that the imago lives entirely submerged. It is 
not known how it breathes. This genus is the only member , of 
the Chrysomelidae that does not possess the structure of the 
feet that is characteristic of the Phytophaga. The late Professor 
Babington about sixty years ago found H curtisi at Gley on 
the Norfolk coast on submerged Potamogeton^^tetinoitus, but it has 
not been met with there for a great many years. 

The larvae of Criocerides are of two kinds, in one of which the 
^ Berlin. erU, Zeit. 1887, p. 826, and 1889, p. 299. 



28 i 


V , PHYTOPHAGA — CHRYSOMELIDAfe 

body is peculiarly shaped in conformity with the curious habit 
of using the excrement as a covering. The larva is less elon- 
gate than usual, and has the anus placed on the upper surface, 
and formed so that the excrement wheii voided is pushed forward 
on to the Insect ; here it is retained by means of a slimy matter, 
and a thick coat entirely covering the ci-eature, is ultimately 
formed. The larva of Lema mdampa is not uncommon about 
Cambridge, where it feeds on the leaves of growing corn. It is 
a remarkable fact that even in one genus the species have some 
of them this habit, but others not. The species of Crioceris 
living on lilies — C. merdigera^ 
e.g . — are noted for possessing it; 
while C. aspantgi does not pro- 
tect itself in this way, but emits 
fluid from its mouth when dis- 
turbed. This larva is a serious 
nuisance in some localities to the 
cultivators of asparagus. The 
eggs are deposited on the stems 
of the plant — as shown in our 
flgure — sometimes in great iium- 
bera 

The perfect Insects of many 
of the Criocerides possess a stridu- 
. lating organ. Two contiguous 
areas at the base of the dast- 
dorsal segment, where they can 
be rubbed by the tips of the Fro. 143.-- Cnocew oaparagL A, Biggs 
elytra, are slightly elevated and 
bear very close and line straight >»rva. Cambridge, 
lines. 

ii. The Camftosomks, as we have already noticed, are distin- 
guished by a peculiar structure of the abdomen. This character 
'appears to be connected with a very remarkable liabit, viz. the 
formatidh of a case to envelop the egg. The tip of the abdomen 
is somewhat curved downwards, and, in the female, bears a 
hollow near the extremity ; when an egg is extruded the female 
holds it in this hollow by means of the hind legs, and 
envelops it with a covering said to be excrementitioua When 
the- larva hatches, it remains within this case, and subse- 
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quently enlarges it by additions from its own body. The 
beautiful Insects of the genus Cryptocephalus, which is fairly 
well represented in Britain, belong to this division. The 
exotic group Megalopodes is incorrectly placed in Camptosomes ; 
the side pieces of the prothorax meet in it behind the middle 
coxae, as they do in Bhynchophora. The species of Megalopodes 
stridulate by means of an area on the base of the meso-scutellum 
rubbed by a ridge inside the pronotiiiii, as in the Cerambycidse. 

iii. The division Cycuca includes the gi-eat majority of Ohryo- 
mclidae; we have not less than 170 species in Britain. The 
larvae live, like those of Lepidoptera, at the expense of foliage, 
and the species frequently luultiply to such an extent as to be 
injurioua Some of them are destroyed in great numbers by 
Hymenopterous parasites, the Braconid genus Perilitm being one 
of the best known of these ; in some eases the parasite deposits 
its eggs in either the larva or perfect Insect of the beetle, and 
the metamoi^ilipses of the parasites in the latter case are some- 
times, if not usually, completed, the larvae emerging from the 
living beetles for pupation. 

iv. The Cryptostomks, though comparatively few in number 
of species, include some very remarkable beetles. There are two 
groups, Hispides and Cassidides. The former are almost peculiar 
to the tropics and are not represented by any species in the 
British fauna. The head in this group is not concealed ; but in 
the Cassidides the margins of the upper surface are more or less 
expanded, so that the head is usually completely hidden by the 
expansion of the pronotum. Both the groups are characterised 
by the antennae being inserted very near together, and by the 
short claw-joint of the feet. Hi»pa is one of the most extensive 
of the numerous genera of Hispides, and is remarkable from the 
imago being covered on the surface with long, sharp spines. But 
little is known as to the metamorphosis, beyond the fact already 
alluded to, that the larvae of several species mine the interior of 
leaves. The larva of Hispa teata^iea, according to Perris,^ makes 
use of the leaves of Cistvs scUvifolivs in Southern Europie ; it is 
broad and flat, and possessed of six short legs. The eggs are not 
deposited by the parents inside the leaves, but are probably 
attached to various parts of the plant. After hatching, the young 
larva enters a leaf, and feeds on the parenchyma without rupturing 

^ Ann. Soe. LUge, x. 1855, p. 260. 
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the ^epidermis; but when it has consumed .about three-fourths of 
the soft interior of the leaf it ruptures the epidermis of the tipper 
surface, and seeks another leaf ; this found, it places itself on the 
midrib, tears the upper epidermis, and lodges itself in the leaf. 
In the case of this second leaf it attacks the parenchyma in the 
neighboui'hood of the petiole, and so forms an irregular tube 
which has an open mouth, the point of entry. In this tube it 
undergoes its metamorphosis. Each larva, it is said, always 
makes use of two leaves, and of two opposed leaves. A know- 
ledge of the habits of some of the larger of the exotic Hispides 
would be of much interest. 


Pro. 144. — Pupa of 
Cassidld beetle 
(? Aapxdomwpha 
ap.). A. With 
appenda((o ex- 
tended ; A with 
the appendage re- 
posing on the back. 
New Britain. 


A B 

The Gassidides, in addition to the curious marginal expansion 
of their upper surface, have the power of withdrawing the head 
into the thorax, and hence they are often called shield or tortoise- 
beetles. They exhibit considerable variety in form and colour, 
and some of them display a peculiar metallic reflection of great 
delicacy *and beauty ; this disappears entirely after death, but it 
may be restored by thoroughly moistening the dead Insect. The 
colour, therefore, probably depends on the presence of water in 
the integument. The larvae of Gassidides are notorious on 
account of their habit of covering their bodies with dried 
excrement, for which purpose they are provided with a forked 
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process at the posteriq;r extremity ; this serves to place the pro- 
tecting matter in a proper position and to retain it there. The 
. excrement assumes in various species forms so peculiar that they 
cannot be considered merely incidental. In several species this 
covering-matter is like lichen. This is the case with Dolichotoma 
palmarum^ the larva of which has, in place of the usual fork, a 
more complex appendage on the back for the purpose of prepar- 
ing and retaining its peculiar costume. The pupae, too, some- 
times retain the larval skin. An extremely remarkable pupa of 
a Cassidid — possibly of the genus Aspidomorpha — was recently 
found by Dr. Arthur Willey in New Britain (Fig. 144). The 
back of the pupa is covered . with a complex appendage, so that 
the creature has no resemblance to an Insect ; this appendage is 
perhaps capable of being moved, or even extended (Fig. 144, A), 
during life Whether it may be formed by the retention of 
portions of the moulted skins of the laiva we cannot say with 
certainty. ' 

The most remarkable of the Cassidid coverings yet discovered 
are those formed by certain small 1)eetlcs of the tropical Ameri- 
can genus Porphyraspis. P, tristis is apparently a common 
Insect at Bahia, where it lives on a cocoa-palm. The larva is 
short and broad, and completely covers itself with a very dense 
coat of fibres, each many times the length of the body, and 
elaborately curved so as to form a round nest under , which the 
larva livea On examination it is found that these long threads 
are all attached to the anal extremity of the Insect, and there 
seems no alternative to believing that each thread is formed by 
small pieces of fibre that have passed through the alimentary canal, 
and are subsequently stuck together, end to end. The process of 
forming these long fibres, each one from 
scores of pieces of excrement, and giving 
them the appropriate curve, is truly I'emark- 
abla The fibres- nearest to the body of the 
larva are abruptly curled so as to fit exactly, 
Fig. 145.— Nest of intes- and make an even surfime but the outside 

Swhteh SJ uIJS O’!* “ » somewhat bushy 

ot Pwpfirat^pia triatia fashion. The construction is much like that 
of a tiny bird’s nest. Sefior Lacerda informed . 
the writer that the larva makes a nest as soon as it is hatched. 

Another Porphyraspis — P, j^marum — has been recorded as 

■'0 
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forming similar nests on a species of Thrinax in St. Domingo. 
Cand^ze says ^ that when it has completed its growth the larva 
' ejects on to the leaf a quantity of semi-liquid matter, and this, on 
drying, sticks the nest to the leaf, so tllat the metamorphosis is 

effected under shelter. 

' • 

Fam. 79. Oerambycidae (Longicorns). — Form imiaJh/ ohlong, 
not mmlb cui'ved in outline at the Mee; surfaee inery frequently ren^ 
dered dull hy a veiy minute liairineBS^ which often forme a pattern ; 
antennae usually long, and their inse^'tion much embraced Iry the 
eyes. This great family of beetles includes some 12,000 or 
13,000 known species. The elegance and variety of their forms 
and the charm of their coloiu*s have caused them to attract much 
attention, so that it is probable that a larger proportion of the 
existing species have been obtained than is the case in any other 
of the great families of Coleoptera. Still 
it is not likely that one-half of the living 
forms are known. It is not possible at 
present to point put any one character of 
importance to distinguish Gerambycidae 
from Chrysomelidae, though the members 
of the two families have, as a rule, but 
little resemblance in external appearance. 

Most of them live on, or in, wood, though 
many are nourished in the stems of her- 
baceous plants. The larvae live a life of con- 
cealment, and are soft, whitish grubs with 
powerful mandibles, and usually with a comparatively small head, 
which is not much exserted from. the thorax. Most of them are 
without legs, but a good many have three pairs of small legs, and 
there are numerous cases in which the surface of the body is 
furnished above or below with swellings believed to act as 
pseudopods (Fig. 84), and help the larvke to move about in their 
galleries; but this is probably not the sole function of these 
organs, as their surface is varied in character, and often not of a 
kind that appears specially adapted to assist in locomotion. 
There is a slight general resembkiice between the larvae of Cerain- 
bycidae and those of Buprestidae, and when the thorax of a 
Longicorn larva is unusually broad, e.g. Asiynomus, this similarity 
is very pronounced. 

' Mem. Soe. LUfje, xvi. 1801, p. 387. 
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The modes of life of Cerambycid larvae exhibit considerable 
variety, and much perfection of instinct is displayed by the larvae, 
as well as by the mother beetles. The larvae of Saperda pojndnea 
are common in certain woods in the South of England in the 
stems of aspen; they consume only a siuall quantity of the 
interior of the stem, and are probably nourished by an afflux of 
sap to the spot where they are situated. Maphidion mlloawnn is 
called the oak-pruner in North America. The parent beetle lays 
an egg near the axilla of a leaf-stalk or small stem, and the 
young larva enters this and feeds on the tender material ; as it 
grows it enters a larger limb, and makes an incision within this 
in such a manner that the wood falls to the ground with the 
larva within it, the dead wood serving subsequently as pabulum 
and as a shelter, within which the metamorphosis is completed. 
The species of the American genus Onmdere^ are called girdlers, 
because the parent beetle, after laying an egg in a small briineh, 
girdles this round with a deep incision, so that the portion 
containing the larva sooner or later falls to the ground. The 
growth of a Longicorn larva frequently takes more than a year, 
and under certain circumstances it may be enormously prolonged. 
Monohammus confmus has been known to issue from wooden 
furniture in a dwelling-house when the furniture was fifteen 
years old. Individutils of another liongicorn have issued from 
the wood of a table, twenty and even twenty-eight years after the 
felling of the tree from which the furniture was mada Sereno 
Watson has related a case from which it appears probable that 
the life of a Longicorn beetle extended over at least forty-five 
years.^ It is generally assumed that the prolongation of life in 
these cases is due to the beetle resting quiescent for long after it 
lias completed the metamorphosia lie^nt knowledge, however, 
renders it more probable that it is the larval life that is pro- 
longed; the Lirva continuing to feed, but gaining little or no 
nutriment from the dry wood in these unnatural conditiona Mr. 
C. 0. Wate^rhouse had for some years a Longicorn larva under 
observation, feeding in this way in the vrood of a boot-tree ; * the 
burrows in the wood contained a great deal of minute dust 
indicating that the larva passed much matter through the ali- 
mentary canal, probably with little result in the way of nutriment 

> Packard, 5th Rep. U.S, JSfU. Comm. 1890, p. 689. 

' > Not a growing tree, but the instrument used for stretching boots. 
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There are iuimeix)us Loiigicorns that bear a great resemblance 
in form and colour to Insects to which they are not related. 
Haensch^ has noticed that species of the genus Odontocera 
resemble various Hymenoptera, one species being called 0, 
hraconoides ; he also observed that these Hymenoptera - like 
Loiigicorns, instead of withdrawing their underwings under the 
elytra as beetles generally do, vibrate them rapidly like Hymen- 
optera. A large number of liongicorns stridulate loudly by rubbing 
a ridge inside tlie pronotiuii on a highly specialised, striate surface 
at tlie base of the scutellum, and therefore covered up when the 
Insect is contracted in repose. A few produce noise by rubbing 
the hind femora against the edges of the elytra, somewhat after 
the fashion of grasshoppers. In this case there apjiears to be 
comparatively little sjieciality of structure, the femom bearing, 
however, more or less distinct small granules. The species of tlie 
Hawaiian genus IHa^ithmysns produce sound in both these 
manners, the thoracic stridulating organ being beautifully de- 
veloped, while in some sjiecies the margin of the elytra and 
base of the femora are also well adapted for the purpose of sound- 
production, and in a few species of the genus there are also 
highly-developed stridulating surfaces on the hind and middle 
coxae. This is the only case in which a beetle is known to 
possess more than one set of sound-organs in the imago state. 

Three divisions of this family are distinguished, viz. — 

1. Front coxae large and transverse ; prothorax with distinct side mar- 

giiiM. Suh-fain. 1. Prionides. 

2. Front coxae not gi*eatly extended transversely, thorax not niaigined ; 

last joint of maxillary palpus not pointed, usually broader (more or less) 
than the preceding joint Siib-fam. 2. Ceuaubygides. 

3. Front coxae usually round and deeply embedded ; last joint of maxil- 

lary palpus pointed ; front tibiae with a more or Ici^s distinct, slanting groove 
on the inner side. Sub-fani. 3. Lamiides. 

The Prionides are on the average considerably larger in size 
than the members of the other divisions, and they include some of 
the largest of Insects. The Amazonian Titanm gigawteus and the 
Fijian Macrotoma heros are amongst the most gigantic. Some 
of the Prionides have a great development of the mandibles in 
the male sex analogous to that we have already noticed in 
Lucanidae. The larvae of the large Prionides appear in various 
parts of the world to have been a favourite food with native 
’ Berlin, ent. Zeilaelir. xli. 1896, SB. p. 22. 
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tribes, aftd Lumholz states that they are really good eating. 
In consequence of the destruction of forests that has progressed , 
so largely of late years these gigantic Prionides have become 
much rarer. 

Several aberrant forms are included in Prionides. The genus 
Parandra has five-jointed tarsi; the third joint being much smaller 
than usual, so that the fourth joint is not concealed by it. . 
The Brazilian Hypocephcdus armatus was for long a subject of 
dispute as to its natural position, and was placed by diiferent 
authorities in widely -separated families of Coleoptera. The 
structure of this aberrant Jjongicorn seems to be only explicable 
on the hypothesis of warfare amongst the males.^ Nothing is, 
however, known as to the habits and history of the Insect, and 
only one or two specimens of the female have yet been obtained. 

The family Spondylidae has been proposed for some of 
these aberrant Longicorns, but as it includes but very few, and 
highly discrepant, species, it is neither natural nor of much use 
for systematic purposes. 

The Ijamiides are the most highly specialised division of the 
Longicorns, and includes the larger number of the species. The 
front of the head is usimlly placed at right angles to the vertex, 
and in some cases (groups Hi^popsini, Spalacopsini) it is strongly 
inflexed, so that the mouth is placed on the under side of the 
head. The extension of the eyes round the antennae is accom- 
panied by very curious shapes of those organs, and not 
infrequently each eye is divided into two more or less widely- 
separated parts, so that the Insect has, on the external surface, 
four eyes. 

Series VI. Rhynchophora. 

Head more or less prolonged in front to form a snout or healc, called 
rostrum. Tarsi four -jointed, usually 'at least the third 
joint broad and densely pubescent beneath. 

This enormous series includes about 25,000 species^ and os 
may well be imagined shows a great variety of structure amongst 
its forms. The vast majority may, however, be readily recognised 
by the two characters mentioned above. There' are some cases in 
which the beak is indistinct, and others in which the tarsi are 

w ^ Sharp, Ann. Soe. ent. Belgique, xxviii. 1884, CR. p. evii. 
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five-jointed {Dryophthorm), and even slender (Platypides). In 
these cases a close examination shows that the gular i*egion on 
the middle of tjie back of the under surface of the head cannot 
be detected, and that the hack of the proi4;eriiuni is very strongly 
consolidated by the side-pieces of the thorax meeting togetlier 
and being very firmly joined behind the coxae. The beak is in 
the great majority perfectly distinct, though it varies so extremely 
in form that it can only be briefly described by saying that it is 
a prolongation of the head in front of the eyes, or that the 
antennae are inserted on its sides near to, or far from, the tip. 
It has been asccrt<iined in many cases that tlie rostrum is used 
by the female to assist in placing the eggs in suitable pbiccs, a 
hole being bored with it ; in some 
cases it is also used to push the 
egg far into the hole in which it 
has previously l)een placed by 
the ovipositor ; but them are 
many forms in which it is fairly 
certain that it is not so usecL 
What puri)ose it swerves in the 
male is totally unknown. In 
many members of the series, the 
rostrum differs in form in the 
two sexes, and in most, if not in 
all, these ceases it is clear that the 
distinctions tend in the direction 
of making the beak of the female 
more efficient for the mechanical 
purpose we have mentioned. 

It was proposed by Leconte 
and Horn to separate this series 
from all the other Coleoptera as 
a primary division, and they 
looked on it as of lower or more 
imperfectc3tructaTc. Packard has 
very properly protested against Tiq. 1^1. --Eug^wri^H 

^1. \ 5. j Madagascar. A, The imago ; B, front 

this interpretation J and there of pronotum, head, and rostrum. 

i^ms to be no reason whatever 
*'for considering the Bhynchophora as "lower” than other beetles; 
indeed we should be inclined to place such forms as Calandrides 
VOL. VI . U 
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amongst the most ^rfect of Insects ; their external structure (as 
shown by Eugnoristm monachua, Fig. 147) being truly admirable. 

Only four fainilies of Ehynchophora can be at prdtent 
accepted as satisfactory ; one of these — Curculionidae — ^includes 
an enormous majority of the whole series. Though it is probable 
that it will ultimately be divided into several families, the 
attempts to that end that have already been made are not 
satisfactory. 

Fam. W. Anthribidae. — Pnlpi mudly not covered, hut dis- 
iinct and flexible. Antennae often long, not elbowed, the first joint 
not very long. Third joint of tarsus small, mually much concealed 
by being embraced by the second joint Pygidium exposed; p)ro~ 
pygidium deeply grooved in the middle. This family includes 800 
or more species, which are mostly tropiciil ; it is very sparsely 
represented in the faunas of Europe and North America. It is 
quite distinct from Curculionidae with which it was formerly 
associated. It contains many graceful Insects Iiaving a certain 
resemblance with T/)ngicorn8 on account of the large development 
of the antennae. The habits and meta- 
morphoses are but little known. It 
seems probable tliat many species find 
their nutriment in old wood or boleti. 
The larvae of some genera {Cratoparis 
and Armocerns) have legs, but in others * 
the legs are wanting, and the larvae are 
said to completely ’ resemble those of 
Curculionidae. In the larva of our 
tiny British species, Choragus sheppardi, 
the legs are replaced by three pairs 
of thoracic, sac-like pseudopods. This 
Insect makes burrows in dead branches 
Th« lan«, ot g».«, 
A, the perfect Insect; B, Prochytarsiis have been ascertained to 
t«r.a. »»d tip of tibia. Coccitlae. 

Fam. 81. Ourculionidae ( Weevils). — The beak of very variable 
length and thickness; the 2 >dpi small, nearly always concealed 
within the mouth, short, and rigid. Labrum absent. Antennae 



of the majority elbowed, i.e. loith the basal joint longer, and so . 
formed that when it is laterally extended the other joints can be ^ 
placed in a forward direction This enormous family includes 
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about 20,000 known spOdes, andf yet a large portion of the 
species yearly brought from the tropics still prove to be new. 
The rostrum or beak exhibits excessive variety in forin, and is in 
many cases different in the sexes ; in thijs case it is usually longer 
and thinner in the female. As the rostrum is one of the chief 
characters by which a member of the family may ho lecognised, 
it is necessary to inform the student that in certain forms (the 
Australian Amycterides, e.g,) the organ in question may be so 
short and thick that it is almost absent. In these cases the 
Insect may be identified as a Curculionid by the gular area being 
absent on the under side of the head, and by the concealment of 
the palpi. The tarsi arc usually of the same nature as those of 
Phytophaga, already described, but the true fourth joint is less 
visible. lu the Brachyceridcs this joint is not x>resent, and the 
third joint is not lobed. The x^^lpi are flexible and more or 
less exserted in a very few species (Rliynchitides) ; in liliinoma-^ 
cerides there is also present a minute labrum. The front coxae 
are deejdy embedded, and in many forms the prosternum is 
peculiar in structure; the side-pieces (epimera) meeting at the 
back of the prosternum in the middle line. This, however, is 
not universiil in the Jamily, and it occurs in some other beetles 
(<?.//., Mcgalopodides of the Phytophaga). The larvae are without 
logs. They are vegetarian, the eggs being deposited by the 
mother-lxjetle in the midst of the food. These larvae may be 
distinguished from those of Ix)ngicorns by the general form, 
which is sub-cylindric or rather convex, not flattened, and 
more particularly by the free, exserted head, the mouth being 
directed downwards ; the attitude is generally a curve, and the 
anterior part of the body is a little the thicker. No part of 
plants is exempt from the attacks of the larviic of Curculionidaci ; 
buds, twigs, leaves, flowers, fruits, bark, pith, roots and galls 
may each be the special food of some Curculionid. Certain 
species of the sub-families Bhynchitidcs and Attelabidcs pre^rn'e 
leaves in an elaborate manner to serve as food and dwelling for 
their young. If young birches, or birch bushes from 5 to 10 
feet in height, be looked at in the summer, one may often notice 
that some of the leaves are rolled so as to form, each one, a little 
funnel. This is the work of Bhynchites (or Deporaua) hetulae, a 
little Curculionid beetle (Fig. 149). An inspection of one of 
these funnels will show that it is very skilfully constructed. The 
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whole of a leaf is not used in the formation of a funnel, cuts being 
made across the leaf in suitable directions. The beetle stand- 
ing on a leaf, ns shown in the figure, proceeds to cut with its 
mandibles an incision shaped like an erect 8, commencing at a 
certain part of the circumference, and ending at the midrib of the 
leiif ; the beetle then goes to the other side of the midrib*, and 
coiitinues its incision so as to form another S-like curve con- 
siderably different from the first ; being prostrate and less abrupt. 
Thus the blade of the leaf is divided into two halves by certain 
carved incisions, the midrib remaining intact. The little funnel- 



Fia. 149.- -Hie leaf- roll iiij; of WtynchUes hetvlve, Britain. A, Female beetle, iiiagnifled ; 
B, the beetle foriuiug tlie lint incision on a leaf ; C, the completed roll. (B and C 
after Dubey.) 

twister now coniuiences to roll up the leaf to form the funnel ; 
and this part of the work is greatly facilitated by the shape of 
the incisions. Ooiug back to the spot where it commenced work, 
by the aid of its legs it rolls one side of the leaf round an ideal 
axis, somewhat on the same plan as that adopted by a grocer in form- 
ing a paper-funnel for sugar. The incisions are found to be just 
of the right shape to make the overlaps in the mllin g ^Tid to re- 
tain them rolled-up with the least tendency to spring back. After 
some other operations destined to facilitate sub^uent parts of its 
task, the beetle enters the rolled-up part of the leaf and brings it 
more perfectly together; it again comes out and, pursuing a 
different system, holds on with the legs of one side of the body 
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to the roll, and with the other legs drags to it the portion of the 
leaf on the other side of the midrib so as to wrap tin's part {i,e. 
the result of its second incision) round the part of the funnel 
already constructed. This being done the Insect again enters 
the funnel, bites three or four small cavities on the inside of the 
leafy wall and deposits an egg in each. Afterwanls it emerges 
and fits the overlaps togetlier in a more perfect manner so as to 
somewhat contract the funnel and make it firmer ; then pi'oceeding 
to the tip, this is operated on by another series of engineering 
processes and made to close the orifice ; this part of the opt^ra- 
tion being analogous to tlie closing by the grcK'cr of his pii)er- 
fuiinel after the sugar has been put in. The operation of the 
beetle is, however, much more complex, for it ac'tiially makes a 
sort of second small funnel of the tip of the leaf, l>ends this in, and 
retains it by tucking in some little projections. The work, which 
has probably lasted about an hour,ljeing now (M)mplcted,the creature 
takes a longer or shorter rest Ix^foi'e commencing another funnel. 
We have given only a sketch of the chief points of the work, 
omitting reference to smaller artifices of the craft master ; but 
we may remark that the curved incisions made by the beetle 
have been examined by mathematicians and duly extolled as 
being conducted on highly satisfactory mathematical principles. 
It is impossible at present for us to form any conc(iption as to the 
beetle’s conceptions in carrying out this complex set of o])eratioiis. 
Our pt?rplcxity is increased if we recollect its life-history, for wo 
then see that neither precept or example can have initiated its 
proceedings, and that imitation is out of the (j[uestion. The eggs 
hatch ill their dark place, giving rise to an eyeless maggot, 
which ultimately leaves the funnel for the earth. The pirts of 
tliis maggot subsequently undergo complete cliange to produce 
the motionless pupa of entirely differejit form, from which 
emerges the perfect Insect. Hence the beetle cannot lie con- 
sidered to have ever seen a funnel, and certtiinly has never 
witnessed the construction of one, thougli, when discloscsd, it 
almost iniSnediately sets to work to make funnels on tlie complex 
and perfect system we liave so imperfectly described. More 
general considerations only add to the perplexity we must feel 
when reflecting on this subject. Why does the Insect construct 
the funnel at all ? As a matter of protection it appears to be 
of little use, for the larvae are known to suffer from the attacks 
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of parasites as other Insects do. We have not the least reason 
for supposing that this mode of life for a larva is, so far as 
utility is concerned, Ijetter than a more simple and usual one. 
Indeed, extraordinary as this may appear, it is well known that 
other species of the same genus adopt a simple mode of, Iffe, 
laying their eggs in young fruits or buds. We think it possible, 
however, that a knowledge? of the mode of feeding of this larva 
may show that a more perfect nutrition is obtained from a well- 
constructed cylinder, and if so this would to a slight extent 
satisfy our longing for explanation, though throwing no light 
whatever on the physiology or psychology of the artificer, and 
leaving us hopelessly perplexed as to why a beetle in ages long 
gone by should or could adopt a mode of life that by long pro- 
cesses of evolution should, after enormous difficulties have been 
overcome, attain the perfection we admire.^ 

Fam. 82. Scolytidae. — Roainim extremely sliort.lyi'oad ; tihias 
frequently denticulate externally ; antennae short, with a hroad 
club. This family is not at all sharply distinguished from certain 
groups of Curculionidae (from Cossoiiides e.y.), but as the species 
have somewhat different habits, and in the majority of cases 
can bo readily distinguished, it is an advantage to separate 
the two families. About 1400 species are at present known. 
Most of them arc wood- and btirk-feeders ; some bore into hard 
wood ; a few mine in twigs or small branches of trees, but the 
majority live in the inner layers of the bark; and this also 
serves as the nidus of the larvae. A small number of species 
have been found to inhabit the stems of herbaceous x)lauts, or to 
live in dry fruits. Owing to their retiring habits they are rarely 
seen except by those who seek them in their abodes, when they 
may often be found in great profusion. The mother-beetle borea 
into the suitable layer of the l)ark, forming a sort of tunnel and 
depositing eggs therein. The young larvae start each one a 
tunnel of its own, diverging from the parent tunnel ; hence each 
batch of larvae produces a system of tunnels, starting from the* 
parents’ burrow, and in many species these burrows ifte charac- 


^ For a more extensive account of Jthynehites betulae and others refer to 
Wasmann. Der Trielitenoiekler, Mlinster, 1884, and Debey, stir Lebens* 

wid IhUvnekelungs-ffeMhieMe . . . der AtUlabiden, Bonn, 1846. The first in- 
cludes an extensive philosophical discussion ; the second is a valuable colloctioa 
of observations. 
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teriatic in form and direction, so that the work of particular 
Scolytida can he recognised by the initiated. 

The Platypides bore into the wood of trees and stumps ; they 
are chiefly exotic, and little is kndwn about them. They are 
the;nost aberrant of all Bhynchophora, the head being i-emarkably 
short, flat in front, with the mouth placed on the under surface 
of tlie liead; there being no trace of a I'OHtrum : the tarsi are 
elongate and slender, tlie third joint not being at all lol)ed, while 
the true fourth joint is visible. Hence they have not the 
appearance of Bhynchophora. Some authorities treat the 
Platypides us a distinct family. 

Some of the members of the group Tomicides also bore into 
the wood. Becent observations have shown that there is an 
important feature in the economy of certain of these wood- 
borers, inasmuch as they live givgariously in tlie burrow, and 
feed on peculiar fungi that develop there, and are called ambrosia. 
Aticording to Hubljard,^ some sjMXfies cultivate these fungi, 
making elaborate prepirations to start their growth. The fungi, 
however, sometimes increase to such an extent as to seal up tlie 
buiTOws, and kill the Insects by suficxration. 

Scolytidae sometimes iiiultiiily to an enormous extent, attack- 
ing and destroying the trees in >YOoded regions. Much dis- 
cussion has taken place as to whether or not they arc really 
injurious. It is contended by one set of partis^ins that they 
attack only timber that is in an unhealthy, dying, or .dead con- 
dition. It may be admitted that this is usually the case ; yet 
when they occur in enormous numl)ers they may attack timber 
that is in a sort of neutml state of health, and so diminish its 
vigour, and finally cause its destnictioii. Hence it is of great 
importance that they should be watched by competent foresters. 

The larvae of Scolytidae are said to completely resemble those 
of Curculionidae : except in the group l*latypides, where the body 
is straight and almost cylindrical, and terminates in an oblique 
truncation bearing a short hard spine.^ 

Tam? 83. Brenthidae. — Form elongate ; rostrum straight, 
direcUy cowtimving the long axis of the hody, often so thick as to 
form an elongate head; antennjoe not elbowed. The Brenthidae 
form a family of about 800 species, remarkable for the excessive 

* Bull, U.S, Dep, Agrie, evU, New seriee. No. 7, 1897. 

* Perris; Ann. Set. Nat, (2) xiv. 1840, i*, 89, pi. iii. • : 
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Fig. ir>0. — JCupsalh laiavta. North . 

Aiiwrica. A, Larva; B. piipji; C, lor krViie as pi*ey 


length and slenderness of some of its forms, and for the 
extreme diftereiice in the sexes that frequently exists. It is 

well lepresented in the tropics 
only, and very little is known 
as to the natural history /tnd 
development. These beetles are 
stated to be wood-feeders, and 
no doubt this is correct in the 
case of the majority of the 
species ; but Mr. Lewis observed 
in Japan that Zmiiioses celtis and 
Cypliayogtts seymjfes are pre- 
dawjoua, and enter the burrows 
of wood-boring ln8(3Cts to search 
they are 

fejiuje imafio; D. heiwi of iiiaie.' (Ate mucli modified in structure 

to permit tliis ; and as the other 
members of the gitnip Taphroderides are similar in structure, 
it is probable that they are all predaceous. Nothing what- 
ever is known as to the larval history of these airnivorous 
forms. Indeed an uncerhunty, almost complete, prevails as to 
the early stages of this family, liiley has given a sketch of a 
larva which he had no doubt was that of Eupsalis minuta, the 
North American representative of the family; if he is correct 
the larva differs from those of Curculionidae by its elongate form, 
and by the possession of thoracic legs : these, though small, are 
three-jointed. Descriptions, supposed to be those of Brenthid 
larvae, were formerly published by Hams and Motschoulsky ; 
but it is now clear that both were mistaken. 

In the liighcr forms of Brinithidae the rostrum of the female 
is perfectly cylindrical and polished, and the mandibles are 
minute, hard, jjoiuted pracesses plawjd at its tip. This organ is 
admirably adapted to its purjK)se ; it being used for boring a hole 
in wood or bark, in which an egg is subsequently deposited. The 
males in these cases are extremely different, so that considerable 
curiosity is felt as t3 why this should be so. In some cases their 
head is thick, and there may be no rostrum, while large powerful 
mandibles are present. 

In other cases the rostrum is slender, but of enormous 
leng^i, so that it may surpass in this respect the rest of 
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the body, although this itself is so drawn out as to be quite 
exceptional in the Insect world:' the antennae ai'c inserted 
near the tip of the ixistruni instead of near its Iwise, as they 
are in the female. The size of the males is in these cases usually 
much larger than that of the female.''^ Tlie males of some species 
fight ; they do not, however, wound their opx)oiient, but nieivly 
frighten him away. In Eupmlis it apiM^ars that the rostrum 
of the female is apt to become fixed in the wo<xl during lier 
boring oi>erations ; and the male tlicn extricates her by pivssing 
his heavy prosternum against the tip of her abdomen ; tlie stout 
forelegs of the female serve as a fulcrum and her long Ixxly as a 
lever, so that the effort of the nude, exerted at one extremity of 
the body of the female, produces the required result at tlie other 
end of her body. The New Zealand Bnmthid, Limorhy'iwhuH 
harhicornist exhibits sexual disparity in an extnmie degree : the 
length of the male is usually nearly twice that of the female, and 
his rostrum is enormous. It is at present impossible to assign 
any reason for this; observations made at the request of the 
writer by Mr. Helms some years ago, elicited the information 
that the female is indefatigable in her boring efforts, and that 
the huge male stands near by as a witness, a];>pareutly of tlie 
most apathetic kind. 


Ooleoptera of uncertain position. 

There are three small groups that it is impossible at present 
to place in any of the great series of beetles. 

Fam. 84. Aglycyderidae. — Tarsi three-jointed, the second 
joint lohed; head not prolonged to form a beak. The two most 
important features of Hhynchophora are absent in these Insects, 
while the other structural characters are very imperfectly kiujwn, 
many parts of the external skeleton being so completely fustsd 
that the details of structure are difficult of appreciation. West- 
wood coi]\gideied the tarsi to be really four-jointed, but it is not 

^ In tho males of the genus Cedeoeera the tips of the elytra are drawn out into 
processes almost as long as the elytra themselves, and rivalling the forceiM of 
earwigs. 

^ The stature of the individuals of the same siiecies is, in some of these 
Brenthidac, subject to extreme variation, especially in the males, some individuals 
of which — in the case of BrevihuB anuhoratfo — are five times as long as others. 
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Fro. 151 . — Aglyeitdcrea aether. Canary Islands. 
A, liiingo ; ]A tarsus acconlitiff to Westwood ; 
G, according to nature ; D, maxilla ; E, 
labium. 


at all dear that the minute knot he considered the third joint is 

more than the articulation 
of the elongate terminal 
Joint. The family consists 
only of two or three species 
of Aglyvyderes, one of which 
occurs in the Canary 
Islands, and one or two in 
New Zcabind and New 
Caledoni}!. The forifter is 
believed to live in the stems 
of Euphorbia cananemis; 
a New Zealand species has 
been found in connection, 
with the tree-fern Cyathea 
denlhata, 

Fam. 86. Proterhinidae. — Tdrd three-jointed, the second joint 
loheti ; head of the male scarcely prolonged, hut that of the female 
forming a definite rostrum.; jn^millae and Ugnla entirely covered 
by the mentum. As in the preced- 
ing family the sutures on the 
under side of the head and pro- 
sternum cannot bo detected. The 
minute palpi are entirely enclosiHl 
in the buccal cavity. Tliero is a 
very minute true third joint of 
the tarsus, at the base of the ter- 
minal joint, concealed between the 
lobes of the secoiul joint. The 
family consists of the genus Pro- 
terhinus ; it is confined to the 
Hawaiian Islands, where these In- 
sects live on dead wood in the 
native forests.^ The genus is numerous in species and individuals. 

Strepsiptera (or Bhipiptera^ Stylopidae). — Male^smodl or 
minute; prothoraaa extremely small; mesothoreux moderate, the elytra 
red'uced to small, free slips ; metathorax and wings very large ; 
nervuration of the loiter radiating, without cross nervule^. Female 
a mere sac, with one extremity smaller and forming a sort of neck 
or head. These curious Insects are parasitic in the interior of 





Fio. 152 . — Praterhimia leconteL Ha< 
waiiau litlnmitt. A, Male ; B, female ; 
C. front foot, more magnified. 
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other Insects, of the Orders Hymenoptera and Hemiptcra. Their 
structure and their life-histories entitle them to be ranked i\b 
the most abnonnal of all Insects, and entomologists are nut 
agreed as to whether they are al)errant Coleoptera or a distinct 
Order. The newly-hatched larvsi is a minute triungulin (Fig. 
154), somewhat like that of Metoe; it fixes itself to the skin 
of the larva of a Hymenopteroiis Insect, penetrates into the 
interior, and there undergoes its iiiehimorphoses, the male emerg- 
ing to enjoy a brief period of an abnormally tictive, indeed agitated, 
existence, while the female never moves. It is important to 
note that these Strepsiptcra do not, like most other internal 
parasites, produce the death of their hosts ; these complete their 
metamorphosis, and the development of the parasite goes on 
simultaneously with that of the host, so that the imago of the 



Strepsipteron is found only in the imago of the host.' After 
the young Stylops has entered its host it feeds for a week or so 
on the fat-body (apparently *by a process of suction), then 
moults and assumes the condition of a footless maggot, in which 
state it remains till growth is completed. At the latter part of 
this period the history diveiges accorcUng to sex ; the female 
undergoes only a slight metamorphic' development of certain 
parts, accompanied apparently by actual degradation of other 
parts ; while the male goes on to pupation, as is ]iormal in Insects. 
(We may remark that the great features of the development of 
the sexes are parallel with those of Coccidae in Hemiptera.) 
When the Hymenopterous larva changes to a pupa, the larva 
of the Strepsipteron pushes one extremity of its body between two 
of the abdominal rings of its host, so that this extremity becomes 
external, and in this position it completes its metamorphosis, the 

^ This remark applies to the Strepsiptera fiarasitic on Hymenoptora : nothing 
whatever is known as to the life-histories of the species that attack Hemiptera. 
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male emerging very soon after the host lias become an active 
winged Insect^ while the female undei'goes no further change of 
position, but becomes a sac, in the interior of which young 
develop in enormous numbers, finally emerging from the mother- 
sac in the form of the little triungulins we have already 
mentioned. This is all that can be given at present as a general 
account; many points of the natural history are still obscure, 
others have been merely guessed; while some appear to differ 
greatly in the different forms. A few brief 
remarks as to these points must suffice. 

Bees carrying, or that have carried, Strep- 
siptcra, are said to be stylopised (it being a 
species of the genus Stylops tfiat chiefly infests 
liees) ; the term is also used with a wider 
application, all Insects that carry a Strepsip- 
tcrous pirasite lieing termed stylopised, though 
it may be a Strejwipteron of a genus very 
different from Slyiops that attacks them. The 
development of one or more Strepsiptcra in 
an Insect usually causes some defonriity in 
the abdomen of its host, and effects consider- 
able changes in the condition of jts internal 
<irgaii8, and also in some of the external char- 
acters. Gresit difference of opinion prevails 
as to what these changes are ; it is clear, how- 
Pio. 164.— Young larva ever, that they vary mucli according to the 
hairf^tircatiy spccics, and also according to the extent of 
lied. (After Newiwrt.) the stylopisatioii. Usually only one Stylops 
is developed in a bee; but two, three, and 
even four have been ob^ived:^ and in the case of the wasp, 
Potistes, Hubbard has observed that a single individual may 
bear eight or ten individuals of its Strepsipteron (^Xenos, 
n. sp. ?). 

There is no exact information as to how the young triungulins 
find their way to the bee-larvae they live in. Here iqgain the 
discrepancy of opinion that prevails is probably due to great 



^ Although not an invariable, it seems that it is a general nile that the StylqpB 
produced from the body of one individual ore all of one sex ; it has even been 
stated that female bees produce more especially female Stylops, and male bees 
male Stylops, It any correlation as to this latter point exist, it is fiir from generaL 
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difference really existing as to the method. Wlien a Styhps 
carried by an Insect (a Hymenopteroii, be it noted, for we have 
no information whatever as to Heiiiiptera) produces young, 
they cover the body of the host as if it were powdered, being 
excessively minute and their numbers very great ; many hundrodH, 
if *not thousands, of young being produciHl by a single StyUrys, 
The species of the wasp genus Folistes are specially stibject to 
the attacks of Stylops ; they are social Insects, and a stylopised 
specimen being sickly does not as a rule leave the nest ; in this 
case the Stylops larva may therefore have but little difficulty in 
finding its way to a Hymcnoptcrous larva, for even though it 
may have to live for months before it has the chance of attacdiing 
itself to a nest -building female, yet it is clearly in tlie right 
neighbourhood. Tjxn bee genus And^'eiui has, however, cjuite 
diflei'ent habits ; normally a single female makes lier nest under- 
ground ; but in the case of a stylopised female it is certain that 
no nest is built, and no larvae produced by a stylopised example, 
so that the young triungulins must leave the body of the bee in 
order to come near their prey. They can be active, and have 
great powers of leaping, so that it is perhaps in this way possible 
for them to attach themselves to a healthy female bee. 

We have still only very imperfect knowledge as to the struc- 
ture and development of Strepsip- 
tera. Indeed but little informa- 
tion has been obtained since 
1843.^ llcfore that time the 
mature female was supposed to be 
a larva, and the triungulins found 
in it to be parasites. Although 



the erroneous character of these 
views has been made clear, the 
problems that have been sug- 
gested present great difficulties. 
Apparently the change from the 
triunguUti condition (Fig. 154) to 
the parasitic larvae (Fig. 166, A, B) 


Fio, 155. — Portion of early stages of 
XettffS rtnutiL (After voii Siebold.) 
A, Small male larva ; B, aiiiall feiiiu'e 
larva ; C, full-grown male larva ; D, 
full-grown female larva ; E, tliu no- 
called **ceplialotliorax " and afljacwnt 
s^ment of adult female. (The newly- 
hatched larva ia very m|ich like that 
of Stylops shown in Fig. 154.) 


is extremely great and abrupt, and it appears also that during 


1 Von Siebold, Arch, KtUurgeo. iz. 1843, pp. 137-161. NasaonofiTs recent paper 
is in Russian, but so far as we can gather (of. Zool, Csntralbl. i. 1894, p. 766), it does 
not add greatly to the data furnished bj von Siebold. 
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the larval growth considerable sexual diflferentiation occurs 
165, C, D); details are, however, wanting, and there exists but 
little information as to the later stages. Hence it is scarcely 
a matter for surprise that authorities differ as to which is the 
head and which the anal extremity of the adult female. Von 
Siebold apparently entertained no doubt as to the part of \he 
female that is extruded being the anterior extremity ; indeed he 
called it a ceptialothorax. Supposing this view to be correct, we are 
met by the extraordinary facts that the female extrudes the head 
for copulatory pimposes, that the genital orifice is placed thereon, 
and that the young escape by it. Meinert ^ contends that the 
so-called cephalothorax of the adult is the anal extremity, and 
that fertilisation and the escape of the young ai'e effected by the 
natural passages, the anterior parts of the body being affected by 
a complete degeneration. Nassonoff, in controversion of Meinert, 
has recently pointed out that the ** cephalothorax of the young 
is shown by the nervous system to be the anterior extremity. It 
still remains, however, to be shewn that the “cephalothorax” of 
the adult female corresponds with that of the young, and we shall 
not be surprised if Meinert prove to be correct. The internal 
anatomy and the processes of oogenesis appear to be of a very unusual 
'character, but their details are far from clear. Brandt has given 
some particulars as to the nervous system ; though he does not 
say whether taken from the male or female, we may presume it to 
be from the former ; there is a supra-oesophageal ganglion, and 
near it a large mass which consists of two parts, the anterior repre- 
senting the sub-oesophageal and the first thoracic ganglia, while 
the posterior represents two of the thoracic and most of the 
abdominal gsinglia of other Insects ; at *the posterior extremity, 
connected with the other ganglia by a very long and slender 
commissure, there is another abdominal ganglion.^ 

It is a matter of great difficulty to procure material for the 
prosecution of this study; the fact that the instars to be observed 
exist only in the interior of a few Hymenopterous larvae, which 
in the case of the bee, Andrena, are concealed under gro^jind; and 
in the case of the wasps, Polistes, placed in cells in a nest of 
wasps, adds greatly to the difficulty. It is therefore of interest 
to know that Strepsiptera occur in Insects with incomplete 

^ Ent. Meddel. v. 1896. p. 148, and Ch, Dannie Seink. 1896, p. 67. 

^ ^ Jforae Soe, ctU. Moss, xiv. 1879, p. 14. 
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rtteuH) witli a Strep- 
8ipt«ruu {Xeiuts 9) in 
Ijosition, ouo of the 
dorsal ])Iatcs of tlio 
wasp M abtlonieii being 
reiiioveil. o, Projec- 
tion of part of the 
parasite ; A, lino in- 
dicating the position 
of the removed dorsal 
plate. 


They have been observed in several species of 
Homoptera; and the writer has a large Pentatomid bug of 
the genus Callidm, which bears a female 
Strepslpteron apparently of large size. This 
bug ^ is abundant and widely distributed, in 
Eadtem Asia, and it may prove comptira- 
tivcly cosy to keep stylopised examples 
imder observation. Both v. Sicbold and 
Nassonotr think parthenogenesis occurs in 
Strepsiptera, but there appear to be no facts mI! 

to warrant this supposition. Von Sicbold 
spciiks of the phenomena of Sti'epsipterous 
^production as paedogenesis, or pscudo- 
picdogenesis, but we must agree with 
Meinert that they cannot l>e so classed. 

Tlie mules of Strepsiptera live for only a 
very short time, and are very difficult of 
observation. According to Hubbanl the 
males of Xeim dash about so rapidly that the eye cannot see 
them, and they create great agitation amongst the wasps in the 
colonies of which they are bretl ApiMirently they are produced in 
great niimbei's, and their life consists of only fifteen or twenty 
minutes of fiery energy. The males of Styloja are not exposed 
to such dangers as those of Xenos, and apparently live somewhat 
longer — a day or two, and even three days are on record. The. 
individuals of Aiulrem parasitised by Stylopa are apparently 
greatly affected in their economy and appear earlier in the season 
than other individuals ; this perhaps may be a reason, coupled 
with their short lives, for their being comparatively rarely met 
with by entomologists. 

It is not possible at present to form a valid opinion as to 
whether Stylopidae are a division of Coleopteni or a scjiarute 
Order. Von Siebold considered them a distinct Order, and 
Nossonoff, who has recently discussed the question, is also of that 
opinion. « 

ft 

’ Named by Mr. Distant Callidea haro ; according to the Brussels catalogue of 
Hemiptera, Chrymoria gratidis var. baro. 
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LKPIDOPTERA — OK BUTTERFLIES AND MOTHS 

Order VL Lepidoptera. 

Wings four ; body and wings covered with srales usually varie- 
gate in colour^ and on the body frequently more or less like 
hair: nervures moderate in number^ at the periphery of 
one wing not exceeding fifteen, hut little irregular ; cross- 
nei'vules not more than four, there being 'usually only one or 
two closed cells on eaeh wing, occasionally none. Imago 
with mouth incapable of biting, usually forming a long 
coiled proboscis capable of pi'otrusion. Metamorphosis great 
and abrujit ; the wings develoj}ed inside the body ; the larva 
with large or moderate head and strong mandibles. Pupa 
with the appendages mually adpressed ami cemented to the 
body so that it presents a more or less even, horny exterior, 
occasiomdly varied by projections that are not the appendages 
and that may make the form very irregular: in many 
of the smaller forms the appendages are only imperfectly 
cemented to the body, 

LepidopteuAi or butterflies and moths, are so far as ornament is 
concerned the highest of the Insect world. In respect of 
intelligence the Order is inferior to the Hymenoptera, in the 
mechanical adaptation of the parts of the body it is inferior to . 
Coleoptero, and in perfection of metamorphosis it is second to 
Diptera. The mouth of Lepidoptera is quite peculiar ; the pro- 
boscis — the part of the apparatus for the prehension of food — 
is anatomically very diflbrent from the proboscis of the other 
Insects that suck, and finds its nearest analogue in the extreme 
elongation of the maxillae of certain Goleoptera, e.g. Nemognatha, 
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The female has no gonapophyses) though in certain excep- 
tional forms of Tineidae, there are modifications of structure 
connected with the terminal segments, that have as yet been 
only imperfectly investigated. As a rule, the egg is simply 
deposited on some living vegetable and fastened thereto. 
Lepidoptera are the most exclusively vegetarian of all the Orders 
of Insects; a certain number of their larvae prey on Insects 
that are themselves filled with vegetable juices (Coccidae, 



Fio. 157. — Metamorphosis of a Lepidopteron {RhegimatophUa aJpxnct, Notodontidae). 
(After Pom'ade, Ann, 3oc. eni, France, 1891.) Europe. A, Egg ; B, young larva, 
about to moult ; C, adult larva ; D, head and first body-segment of adult larva, 
magnified ; E, pupa, x f ; F, made moth in repose ; G, female moth in reiiose. 


Aphidae) and a , very small number {Tinea, etc.) eat animal 
matter. In general the nutriment api>ears to be drawn ex- 
clusively from the fluids of the vegetables, the solid matter 
passing from the alimentary canal in large quantity in the form 
of little pellets usually dry, and called frass. Hence the 
quantity qf food ingested is large, and when the individuals 
unduly increase in number, forest trees over large areas are 
sometimes completely defoliated by the caterpillara 

Lepidoptera pass a larger portion of their lives in the pupal 
stage than most other Insects do; frequently during nine months 
of the year the Lepidopteron may be a pupa. In other Orders of 
VOL. VI X 
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Insects it would appear that the tendency of the higher forms is 
to shorten the pupal period, and when much time has to be 
passed between the end of the feeding up of the larva and the 
appearance of the imago, to pass this time as much as possible 
in the form of a resting-larva, and as little as may be in the 
form of a pupa; in Lepidoptera the reverse is the case^ the 
resting -larva period being usually reduced to a day or two. 
Hence we can understand the importance of a hard skin to the 
pupa. There are, however, numerous Lepidopterous pupae where 
the skin does not attain the condition of hardness that is 
secured for the higher forms by the chitinous exudation we 
have mentioned ; and there are also cases where there is a pro- 
longed resting -larva period: for instance Oalleria mdlondla 
spins a cocoon in the autumn and remains in it as a resting 
larva all the winter, becoming a pupa only in the spring. In 
many of these cases the resting-larva is protected by a cocoon. 
It is probable that the chief advantage of the perfect ciiitinous 
exudation of the Lepidopterous pupa is to prevent the tiny, 
complex organisation from the effects of undue transpiration. 
Bataillon has suggested that the relation of the fluid contents of 
the pupa to air and moisture ai*e of greiit importance in the 
physiology of metamorphosis. 

The duration of life is very different in various forms 
of Lepidoptera. It is known that certain species {Ephestia 
hiehniella, e,g.) may go through at least five generations a year. 
On the other hand, certain species that feed on wood or roots 
may take three years to complete their life-history; and it is 
probable that some of the forms of Hepialidae are even longer 
lived than this. 

Lepidoptera have always been a favourite Order with ento- 
mologists, but no good list of the species has ever been made, 
and it would be a difficult matter to say how many species are 
at present known, but it can scarcely be less than 50,000. ’ In 
Britain we have about 2000 species. 

The close affinity of the Order with Trichopter% has long 
been recognised : B^aumur considered the latter to be practically 
Lepidoptera with aquatic habits, and Speyer pointed out the 
existence of very numerous points of similarity between the 
two. Brauer emphasised the existence of mandibles in the 
nymph of Trichoptera as an important distinction: the pupa 
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of Micropteryx (Fig. 211) has however l)een recently shown to 
be similar to that of Trichoptera, so that unless it should be 
decided to transfer Muropteryx to Trichoptera, and then define 
Lepidoptera and Trichoptera as distinguished by the condition of 
the pupa, it would appear to be very diificult to retain the two 
groups as distinct. 

Structure of Imago. — The Iiead of a liepidopteron is in large 
part made up of the compound eyes; in addition to these it 
frequently bears at the top a pair of small, simple eyes so much 
concealed by tlie scales as to cause iis to wonder if seeing 
be carried on by tliein. The larger part of the front of the 
head is formeil by tlie clypeus, which is separated by a wcll- 



Fi<i. 158. — External structure of a female butterfly, Anosin jtfe,rippU8, (After Scudiler.) 
a, Base of antenna ; 6, pronotum ; 5*, scutum of iiieHuthorax ; r, clyiHsus ; coxa ; 
it, scutelliim ; d\ scutellnm of nietathorax ; f, post-scutellnm ( = iMise of phragma) ; 
em, epimeroii ; ep, epistemiiiii ; /, sciituiii of iiietatborax ; i/i, laual part of pro- 
boscis (= maxilla) ; o, eye; p, labial palp; r, mesostorniini ; prothoracic 
spiracle ; t, tegulu ; tr, tr^hauter ; 1-9, dorsal plates of abdomen. 


marked line from the epicranium, the antennae being inserted 
on the latter near its point of junction with the fonner. There 
is sometimes {Saturnia, Castnia) on each side of the clypeus a 
ileep pocket projecting into the head-cavity. The other parts of 
the head are but small The occipital foramen is very large.^ 
The antennae are always conspicuous, and are very various 
in form ; they are composed of numerous segments, and in the 
males of many species attain a very complex structure, especially 
in Bombyges and Psychidae; they doubtless function in such 
cases ab sense-organs for the discovery of the female. 

The largest and most important of the mouth-parts are the 
maxillae and the labial palpi, the other parts being so small as 
to render theit detection difficult The labrum is a very short, 
^ Kellogg, JCaTuas Quarterly f ii. 1893, p. 51, plate II. 
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compaiatively broad piece, visible ^on the front edge of the 
clypeus ; its lateral part usually forms a prominence which has 
often been mistaken for a mandible; Kellogg has applied the 
term " pilifer ” to this part. In the middle of the labruiu a small 
angular or tongue-like projection is seen just over the middle of 
the base of the prob^is; this little piece is considere'd by 
several authorities to be an epipharynx. 

Mandibles. — Savigny, Westwood, and others considered the 
parts of the labruin recently designated pilifers by Kellogg to 
be the rudimentary mandibles, but Walter has shown that this 



Fio. 159. — Mouth of LepUloptera. Tiger-moth, Antia cajcL, A, Seen from front ; 
from front and below, a, Clypeue ; b, labrum ; c, epipharynx ; d, mandibular 
area ; d\ prominence beneath mandibular area ; e, one side of hanstellum or pro- 
boscis ; /, maxillary palp ; fj, labial palp. 

is not the case.^ The mandibles are usually indistinguish- 
able, though they, or some prominence possibly connected witli 
them,^ may frecpiently be detected in the neighbourhood of 
the pilifers ; tliey are, according to Walter, largest and most 
perf€|ctly developed in EHocephcUa^ a genus that was not die- 
tinguislied by him from Micropteryx and was therefore termed '■ 
“niedere Micropteryginen,” i.e. lower Micropteryges. The 
opinion entertained by Walter that Micropteryx proper (his 
" hohere Micropterygiiieii ”) also possesses rudimentary mandibles 
is considered by Dr. Chapman, no doubt with reason, to be 
erroneous.’ The mandibles, however, in the vast majority of 
Lepidoptera can scarcely be said to exist at all in Che imago; 
there being only an obtuse projection — without trace of 

' Jvm, ZeiUeikr. Xatwrw. xviii. 1S86, p. 751. 

* Tho writer is not quite convinced that the supposed mandibles of these Macro- 
lepidoptera are really entitled to be considered as such. 

* TV. ent. Soe, London, 1893; p. 268. 
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articulation — on each side of the labnim ; and even this pro- 
jection is usually absent. Meinert recognised these projections as 
mandibles in Smerinthus populi, and Kellogg in Protoparce caro~ 
linttf another large Sphinx moth. They appear to be unusually 
well .developed iu that group. In Cmtnia they are even more 
definite than they are in Sphingidae. 

The Maxillae are chiefly devoted to the formation of the 
proboscis. Tlieir basal portions are anatomicfilly very indefinite, 
though they exist very intimately connected with the labium. 
Each usually bears a small tubei'cle or a segmented process, the 
representative of the maxillary palpus. The proboscis itself con- 
sists of tlie terminal, or outer, parts of the two maxillae, which 
parts are closely and beautifully coadapted to form the spirally 
coiled organ, that is sometimes, though incorrectly, called the tongue. 
The exact moi*phology of the Lepidopterous proboscis has not 
been established. The condition existing in the curious family 
Prodoxiilae (see p. 432), where a proboscis coexists with another 
structure called a maxillary tentacle, suggests a correspondence 
between the latter and the galea of a typical nmxilla; and 
between the proboscis and the lacinia or inner lobe of a 
maxilla: but J. B. Smith is of opinion that the tentacle in 
question is a prolongation of the stipea The condition of the 
pirts in this anomalous family (Prodoxidae) has not, however, 
been thoroughly investigated, and Packard takes a different 
view of the proboscis ; he considers that it is the two galeae 
which liecome elongated, imited and highly specialised to form 
the so-called tongue or glossa of all Lepidoptera ' alcove the 
Eriocepholidae.” ^ The proboscis in some cases becomes very 
remarkable, and in certain Sphingidae is said to attain, when 
unrolled, a length of ten inches. In some ctiscs the maxillary 
lobes do not form a proboscis, but exist as delicate structures, 
pendulous from the mouth, without coadaptation {Zmzera ciemdi, 
the Wood-leopard moth). In other forms they are absent 
altogether e.g.), and in Hepialua we have failed to detect 

any evideifce of the existence ' of the maxillae. On the other 
hand, in Micropteryx the maxillae are much more like those of a 
inandibulate Insect ; and various other Microlepidoptera approach 
more or less a similar condition. In the geniis last mentioned 

^ Aumr, Natural, xxix. 1895, ji, 637. It should be recollected that many 
Lepidoptera do not possess any proboscis. 
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the maxillaiy palpi are largely, developed, flexible and slender. 
According to Walter various forms of palpus intermediate between 
that of Micropteryx and the condition of rudimentary tubercle 
may be found amongst the Microlepidoptera.^ 

Labium. — The labial palpi are usually largely developed, 
though but little flexible; they form conspicuous processes 
densely covered with scales or hairs, and curve forwards or up- 
wards, rarely downwards, from the under side of the head, some- 
what in the fashion of tusks. The other parts of the labium 
are frequently represented merely by a membranous structure, 
united with the maxillae and obstructing the cavity of the 
pharynx. Where the proboscis is absent it is difficult to find 
any orifice leading to the alimentary canal, such opening as 
may exist being concealed by the overhanging clypcus and 
labium. In some forms, Saturnia, e,g.y there appears to be no 
buccal orifice whatever. In Hepialus the Libium is in a very 
unusual condition ; it projects externally in the position usually 
occupied by the labial palpi, these organs being themselves 
extremely short. It is very difficult to form an opinion as to 
the structure of the Libium and other mouth-parts when the 
maxillae are not developed, as in these cases the parts are of 
a delicate membranous nature, and shrivel after death. This 
is the explanation of the fiict that in descriptive works we find 
vague terms in use such ;i 8 " mouth aborted ” or “ tongue absent.” 

The mouth of the Icpidoptcrous imago is a paradoxical 
structure; it differs very greatly from that of the larva, the 
changes during metamorphosis being extreme. We should thus 
be led to infer that it is of great importance to the creatures ; 
but, on the other hand, the various structures that make up the 
mouth, as we have remarked, are frequently absent or reduced to 
insignificant proportions ; and even in forms where the apparatus 
is highly developed the individuals seem to be able to accomplish 
oviposition without taking food, or after taking only very minute 
quantities. It is therefore difficult to understand why so great 
a change should occur during the metamorphosis of ^he Insects 
of this Order. It has been ascertained that in some forms where 
the mouth is atrophied the stomach is in a correlative condition ; 
but we are not aware that any investigations have been made 
08 to whether this correspondence is general or exceptional. 

^ t/diM. Zeitsehr. ^^aturw, xviii. 1885, p. 168. 
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The exact mode in which the proboscis acts is in several 
respects still obscure, the views of Burmeister and Newport being 
in some points erroneous. Towaixls the tip of the proboscis 
there are some minute but complex structures considered by 
Frit^ Muller to be sense-organs, and by Breitenbach to be 
mechanical instruments for imtatiiig or lacerating the delicate 
tissues of blossoms. It is probable that Muller’s view will prove 
to be correct. Nevertheless the protoscis has considerable 
power of penetration ; there being a moth, " Ojihideres fuUonicn,** 
that cfiuses considerable damage to crops of oranges by inserting 
its trunk through the peel so as to suck the juices.^ The canal 
formed by each maxilla opens into a cavity inside the front pirt 
of the head. This cavity, according to Burgess,^ is a sort of sac 
connected with five muscles, and by the aid of this apparatus the 
act of suction is performed : the diverticulum of the alimentary 
canal, usually called a sucking-stoinach, not really possessing the 
function formerly attributed to it. 

The PiiOTHOUAX is very small, being reduced to a collar, be- 
tween the head and the alitrunk, of just sufHcient size to bear the 
front pair of legs. Its most remarkable feature is a pair of pro- 
cesses, frequently existing on the upper surface, called ** patagia.” 
These in many cases (especially in Noctuidae) are lobes capable 
of considerable movement, being attached only by a narrow base. 
In Hepialua, on the contrary, they are not free, but are merely 
indicated by curved marks on the dorsum. The patagia are 
styled by many writers “ tegulae.” They are of some interest in 
connection with the question of wing- like appendages on the 
prothorax of Palaeozoic insects, and they have been considered 
by some writers^ to be the equivalents of true wings. The 
Mesotuorax is very large, especially its upper face, the notum, 
which is more or less convex, and in the higher forms attains a 
great extension from before backwards. The notum consists in 
greater part of a large anterior piece, the meso-scutuni, and a 

^ Amer. Natural, xiv. 1880, p. 313. 

* For a»aocount of the structures at the tip of tlie proboscis of this moth, and 
of the ueautifhl manner in which the lobes of tlie maxillae are dovetailed together, 
see Francis Darwin, Quart. J. After. Set. xv. 1875, p. 385. For details as to 
numerous proboscides, and as to the difficulties that exist in comprehending the 
exact mode of action of the organ, refer to Breitenbach’s papers, esjiecially Jena. 
ZeilKhr. Naturw. xv. 1882, p. 151. 

* See Cholodkovsky, Zool. Am, ix. p. 615 ; Haase, t.e. p. 711 ; also Riley, 
. P. eiU. Soc. Washington, ii. 1892, p. 310. 
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smaller part, the meso-scutellum behind. In front of the scutum 
tliere is a piece termed prae-scutum by Burgess. It is usually 
small and concealed by the front part of the scutum; but 
ill Hepialua it is large and horizontal in position. It is of 
importance as being the chief point of articulation ivith the pro- 
thorax. The Bcutellum is more or less irregularly rhomboidal in 
form ; its hinder margin usually looks as if it were a lobe or fold 
placed in front of the base of the abdomen or metathorax, accord- 
ing to whether the latter is concealed or visibla In some of the 
higher forms this mcso-scutellar lobe is prominent, and there 
may be seen under its projection a piece that has been called 
the post-scutellum, and is really the base of the great meso- 
phragma, a chitiiious piece that descends far down into the 
interior of the body. Iii iiddition to the front pair of wings the 
mesothorax bears on its upper surface another pair of appendages, 
the teguloe : in the higher forms they are of large size ; they are 
fastened on the front of the mesothorax, and extend backwards 
over the joint of the wing with the body, being densely covered 
with scales so that they are but little conspicuous.* These 
appendages are frequently erroneously called patogia, but have 
also been called scapulae, pterygodes, paraptera, and shoulder- 
tufts, or shoulder-lappets. The lower surface of the mesothorax 
is much concealed by the large and prominent coxae, but the 
sternum and the two pleural pieces on each side, qpistemum and 
epimeron, are easily detected. The area for attachment of the 
anterior wing on each side is considerable, and appears to be of 
rather complex structure ; its anatomy has been, however, but 
little studied. 

The Metathokax is small in comparison with the preceding 
segment, to which it is intimately co-adapted, though the two 
are I'eally connected only by delicate membrane, and can conse- 
quently be separated with ease by dissection. The metonotum 
consists of (1) the scutum, which usually appears exten^j^y as 
an anterior piece on each side ; (2) the scutellum, fozining a 
median* piece placed behmd the scutum, which it •tends to 
separate iqto two parts by its own extension forwarda In order 
to understand the structure of the metathorax it is desirable te 
dissect it off from the larger anterior segment, and it wiU then 
be found that< its appearance when undissected is deceptive, 
owing to its being greatly arched, or folded in the antero-^ 
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posterior direction. A broad, but short phragma descends from 
the hind margin of the metascutelliim into the interior of the 
body. It should be noted that though the metanotum is forced, 
as it were, backwards by the great extension of tlie mesonotum in 
the middle line of the body, yet at the sides the metanotum creeps 
forward so as to keep the points of attiichment of the hind wings 
near to those of the front wings. In many forms of Hesperiidae, 
Sphingidae, Noctuidae, etc. the true structure of the metanotum 
is further concealed by the back of the mesoscutellum reposing 
on, and covering it. 

Difference of opinion exists as to the thoracic Spiracles ; there 
is one conspicuous enough in the membrane behind the pronotum, 
and it is thought by some writers that no other exists. West- 
wood and Scudder, however, speak of a mesothoracic spiracle, and 
Dr. Chapman consider tliat one exists. Minot describes^ a 
structure behind the anterior wing, and thinks it may be an 
imperfect spiracle, and we have found a similar stigma in 
Saturnia pavo7iia. At the back of the thorax there is on each 
side in some Lepidoptera (Noctuidae, Aretia, etc.), a curious large 
CJivity formed by a projection backwards from the sides of the 
metasternum, and a corresponding -development of the pleura of 
the first abdominal segment. Minot and others have suggested 
that this may be an organ of hearing. 

Tlie Abdomen differs according to the sex. In the female 
seven segments are conspicuous dorstiUy, but only six ventrally, 
because the first segment^ is entirely membranous beneath, and 
is concealed between the second abdominal ventral plate and 
the posterior coxae. Besides these segments there are at the 
hind end two others smaller, more or less completely with- 
drawn into the body, and in certain cases forming an ovipositor. 
These nine segments are usually considered to constitute the 
abdomen ; but according to Peytoureau,^ a tenth dorsal plate is 
represented on either side of the anal orifice, though there is no 
trace of a corresponding ventral plate. In the male the segments, 
externullyiconspicuous, are one more than in the female. According 
to the authority quoted,” this sex has also truly ten abdominal 
segments, the ninth segment being withdrawn to a greater or 

1 Fwtrth Rep, ViS. SiUanL OommMon, 1885, p. 49. 

* C,Jt. Ac. Set. Pane, cxviii. 1894, p. 860 ; and hia Theric, Bordeaux, 1895. 

* C.JL Ac. Sei. Poric, oxviii. 1894, p. 542. 
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less extent to the inside of the body, and modified to fonn part of 
a copulatory apparatus ; its dorsal portion bears a process called the 
“ uncus ” ; the anal orifice opens on the inner fiice of this process, 
and below it there is another process — developed to a greater or 
less extent — called the " scaphium.** The ventral portion of. the 
ninth segment bears a lobe, the " saccus ” (Peytoureau, On 
each side of the ninth abdominal segment tliere is a process called 
the " valve,” the internal wall of which bears some hook-like or 
other processes called “ harpes ” ; it is continued as a membrane 
surrounding the “oedeagus,” or x)enis, and — bearing more or 
less distinct prominences — connects with the scapliium. In iminy 
forms the parts alluded to, other than the valves, are concealed 

by the latter, whicli 
come together when 
closed, and may be 
covered externally with 
scales like the rest of 
the abdomen. Peytou- 
reau considers that the 
uncus is really the dorsal 
plate of a tenth segment, 
and that the scaphium 
Fig. 160 . — Aehenmtia atropos. The termination of i {a fliu tenth ventral 
body, one side removed. JX, Ninth dornal plate ; _ __ 

IX\ ninth ventral; a, lobe, of ninth plate. Thus, according 

ventral pUte; X, tenth <lci^ pUte, or nnene; ^ this view, the ninth 

HCt Hcaphinm, or tenth ventral plate ; at, position of ’ 

anus ; A, chitiiiised band of scaphinm ; K, valve or segment is exteiisive and 

clasper ; a, hooks, or harpes, of clasper ; p, penis comrvlpx \^\n& verv 
(or oedeagus). (After Peytoureau.) complex, - oeing veiy 

highly modified in all 
its parts : while the tenth segment is greatly reduced. The 
structure of the male organs is simpler in Lepidoptera, and less 
varied than it is in the other great Orders of Insects. There 
are seven pairs of abdominal spiracles on the upper parts of the 
membranous pleurae. 

Legs. — The legs are long, slender, covered with scales, and 
chiefly remarkable from the fact that the tibiae cibmotimes bear 
articulated spurs on their middle as well as at the tip. The 
front tibia usually possesses on its inner aspect a peculiar 
mobile pad ] this seems to be in some cases a combing organ ; 
it also often acts as a cover to peculiar scales. The tarsi 
are five-jointed, with two small claws and a small apparatus/ 
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the functional importance of which is unknown, between the 
claws. 

Wings. — The wings are the most I'emarkable feature of this 
Order ; it is to them that butterflies owe their beauty, the sur- 
faces of the wings being frequently adonied with colours and 
patterns of the most charming and effective nature. These 
effects are due to minute scales that are implanted in the wing- 
membrane in an overlapping manner, somewhat similar to the 
arrangement of sLites on the roof of a house. The scales are very 
readily displaced, and have the appearance of a silky dust. We 
shall describe their structure and allude to their development 
subsequently. The wings are usually of large size in com- 
parison with the Insect’s body: in the genus AfoiTpho, the 
most gorgeous of the butterflies, they are enormous, though the 
body is small ; so that when deprived of these floats tlu; Insect is 
insignificant. The great eximnse of wing is not correlative with 
great powers of flight, though it is perhaps indicative of flying with 
little exertion; for the small-winged Lepidoptera, Sphingidae, 
etc., have much greater powers of aerial evolution than the Ifirge- 
winged forms. The area of the wing is increased somewhat by 
the fact that the scales on the outer margin, and 011 a part or on 
the whole of the inner margin, project beyond the edges of the 
membrane that bears them : these projecting marginal scales are 
called friugea In many of the very small moths the actual size 
of the wing-membranes is much reduced, but in such cases the 
fringes may be very long, so as to form the larger part of the 
sur&x^, especially of that of the hind wings. Frequently the 
hind wings are of remarkable shape, being prolonged into pro- 
cesses or tails, some of which are almost as remarkable as those 
of Nemoptera in the Order Neuroptera. 

The wings are very rarely absent in Lepidoptera ; this occurs 
only in the female sex, no male Lepidopterous imago destitute of 
wings having been discovered. Although but little is known of 
the physiology of flight of Lepidoptera, yet it is clearly important 
that the 1 ;wo wings of the same side should be perfectly coadapted 
or correlated. This is effected largely by the front wing over- 
lapping the hind one to a considerable extent, and by the two 
contiguous surfaces being pressed, as it were, together. This is 
the system found in butterflies and in some of the large moths, 
such as Lasiocampidae and Satumiidae ; in these cases the hind 
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wing always has a large shoulder, or area, anterior to its point 
of insertion. In most moths this shoulder is absent, but in its 
place there are one or more stiff bristles projecting forwards and 
outwards, and passing under a little membranous flap, or a tuft 
of tliick scales on the under face of the front wing ; the bristle is* 
called the “ frenulum,” the structui-e that retains it a “ retinaculum.” 
Ill Castnia (Fig. 162) and in some Sphingidae there is the un- 
usual condition of a highly-developed shoulder (s) coexisting with 
a perfect frenulum (/) and i^tinaculum (r). The frenulum and 
retinachlum usually differ in structure, and the retinaculum in 
position, in the two sexes of the same moth ; the male, which 
in moths Iw superior powers of flight, having the better retaining 
organs. Hampson says " the form of the frenulum is of great 
use in determining sex, as in the males of all the forms that 
possess it, it consists of hairs flrmly soldered together so as to 
form a single bristle, whilst in netirly all females it consists of 
three or more bristles which are shorter than that of the male ; 
in one female Cossid I have found as many as nine. Also in the 
large majority of moths the retinaculum descends from the costal 
nervure in the male, while in the female it ascends from the 
median nervure.” ^ This sexual difference in a structure for the 
discharge of a function common to the two sexes is a very re- 
markable fact. There are a few — very few — moths in which the 
Imses of the hind wings are not well coadapted with the front 
wings, and do not possess a frenulum, and these species possess 
a small more or less free lobe at the base of the front wing that 
droops towards the hind wing, and may thus help to keep up an 
imperfect connexion between the pair ; this lobe has been named 
a jugiim by Professor Comstock. Occasionally there is a jugum 
on the hind as well as on the front wing. There is usi^ly a 
very greiat difference between the front and the hind wings ; for 
whereas in the front wing the anterior ^rtion is doubtless of 
great importance in the act of flight and is provided with 
numerous veins, in the hind wing, on the other hand, the corre- 
sponding part has not a similar function, being covered by the 
front wing ; hence the hind wing is provided with fewer nervures 
in the anterior region, the divisions of the subcostal being less 
numerous than they are in the front wing. In the moths 
possessing a jugum the two wings differ but little from one 

^ FaunaafBrUM India, Moths, i. 1892, p. 6. 
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another, and it is probable that they function almost as four 
separate wings instead of as two pairs. 

WiNG-NEttVURES. — The nervujres or ribs of the wings are of 
great importance in I^pidoptera, as at present they furnish the 
chief characters for classification and for the discussions of 
phylogeny that are so numerous in entomological literature. 
On looking at wings that have been deprived of their scales it 
will be noticed (Fig. 161) that the riba are luucli more numerous 
at the outer margins than they are near the points of attachment 
of the wings, and that there is usiuilly but one cell (or area com- 
pletely enclosed by rilis). This latter point is one of the chief 
peculiarities of tlie I^pidopterous wing ; in Insect-wings generally 
the number of cells in proportion to the area of the wings and to 
the nunrber of nervures is greater than it is in liopidoptera, for 
in the latter there are few or no cross-nervures. Hence there is 
sometimes no closed cell at all on the wing (Fig. 161, II. B). 
The maximuni number of closed cells is six ; this is found in 
some species of Mkropieryx, while in Hapialus there may be 
three or four ; but the nile is that there is only one cell in the 
Lepidopterous wing. When the number of cells is increased 
this is not necessarily due to an increase in the cross-nervures; and 
in fact it is generally due to irregular forking or to the sinuous 
form of the longitudinal nervures themselves (see wing of CaMnia, 
Fig. 162, A.). Some authorities consider that all transverse or 
cross-veins in* Lepidoptera are merely portions of longitudinal 
veins having diverted courses. When a portion of a nervure 
beyond the basal or primary portion serves as a common piece 
to two forked parts external to it, it is called a stalk (Fig. 162, 
A, e). There are cases in whicli the furcation takes place in the 
opposite direction, so that a nervure is double at the base of tiie 
wing (Fig. 161, 1, A, la, and B, Ifi). This important condition 
has not yet l)een adequately discussed. 

Turning to the mode of designation of the nervures,^ we may 

' It is impossible for us to treat of the difficulties that exist on this point, and 
we' must rAer the student to the pamphlet, **The Venation of the Wings of 
Insects," by Prof. Comstock, Ithaca, 1895, being a reprint, with an imiiortant 
prefatory note, from EU^tuntt of Inaeet Anatiyiny, by J. H. Comstock and V. L. 
Kellogg, also to Packard's discussion of the subject in Mem. Ac. Sei. Wathingion^ 
vii. 1895, pp. ^-86. The method of Spuler, alluded to in these two memoirs, is 
b^sed on development, and, when extended, will doubtless have very valuable 
results. See Spuler, ZeUeehr. toils. Zool. liii. 1892, p. 597. 
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commence by remarking that no system satisfactory fron; a 
practical as well as from a theoretical point of view has yet been 
devised. The diagrams given in figure 161 will enable ns to 
explain the methods actually in vogue ; I. representing the system, 
dating from the time of Herrich- Schaeffer, chiefly used by 
British naturalists, and II. that adopted by Staudinger and 
Schatz in their recent groat work on the Butterflies of the world. 
The three anterior iiervures in both front and hind wings 
correspond fairly well, and are called, looking at them where 
they commence at the base of the wing, “ costal,” " subcostal,” and 



Fio. 161.— Wing-nepvuration of Upidoptera. I, Diagram of moths’ wings (after Hamp- 
Mn) ; II, of a butterfly s wings {Mvrpho imwiawt d, after Staudinger and Schatz). 
A, front, B, hind wing. I. - -c, costal ; subcostal ; m, median ; la, lA, Ic, in- 
teraal nervures ; frenulum ; 2, 3, 4, branches of median nervure ; 5, lower 
radial; 6, upper radial; 7-11, divisions of the subcostal; 12; termination of 
2^1 ; c; cell ; d, dis^lliilar nervure. II.— C, costal ; SC. subcostal ; M, median ; 
SM and SN, subiiiedian nervures ; lA, inner-margin nervure ; UE, lower radial ; 
OB, upper radial ; SC‘ to BO®, divisions of subcostal ; M* to M*. divisions of median 
nervure ; G. cell ; DC, discocellulars. 

“ median ” iiervurea The nemires near the inner margin of the 
wing (that is the lower part in our figures) differ much in the front 
and hind wings, consisting either of two or of three separate 
portions not joined even at the base. British entomolggists call 
these “branches or divisions of the internal nervure": the 
Germans call the more anterior of them the " submedian,” and the 
more internal the "inner-margin nervure"; they ate alw frequently 
called anal nervures. The cross-nervnie that closes the cell is 
called discocellular; when apparently composed of two or three 
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parts joined so as to form angles, tlie parts ai'e called, atx.*ording 
to position, upper, lower, and middle discocellulars. One or more 
short spurs may exist on the front part of the basal portion of 
the hind wing; these are called pi-^'ostal. The bmiiches or 
terminal divisions of the nervures should be chilled nervules ; they 
are usually mentioned by the numbers shewn in the diagram 
(Fig. 161, I.). In addition to this, it is only necessary to re- 
member that number 2 is always assigned to tlie posterior division 


of the median nervure, the nervules below this being all called 1, 


and distinguished by the addition of 
a, &, c when requisite. This course 
is necessary, because if it were not 
adopted tlie corresponding nervules 
on the front and hind wings would 
bear diffei'ent niimbera 

The use of this system of num- 
bers for the nervules is becoming 
general, and it answers fairly well 
for practical puiqiosea On the other 
hand, exti'eme discrepancy exists as 
to the nomenclature of the nervures 
and nervules, and there are almost os 
many systems os there are authorities. 

The normal number of nervules 



Fio. 162. — Wing - nerviiration of 
Vfuttnut, UnilerHiiles of, front, 
B, liiiid wiiigH. Iff, lA, 


is, on the front wing, 11+1 or 2 


Inner iiinrginnl iiervureH ; 2, lower 
branch of median ; 8, HiibcoMtal 


inner marginal, and on the hind 
wing 7 + 2 or 3 inner marginal. In 


of hind wing; 12, subcostal of 
front wing ; «, ** stalk ” of 8 and 
9 ; /, frcnuliini ; r, retinaciiluin ; 


the aberrant moths of the genus «i>ouMcr ; articulation of 
Cmtnia the nerviiration is unusually 


complex and irregular (Fig. 162), and an analogous condition 
occurs in our common Goat -moth {C*)ss%is ligniperda). In 


Hepialus and Microptm'yx (the jugate moths of Comstock) tlie 
hind wings are less dissimilar in nervuration from the front 
wings than they are in other Lepidoptera.^ 

Intermd Anatomy.^ — The alimentary canal extends as a long. 


^ The structure and development of scales and nervures is dealt with as |Hirt of 
the brief study of the development o^ the wing, on p. 329, etc. 

* The internal anatomy of Lepidoptera has not been extensively studied, ^or 
information refer to Du four, C.H. Ae. Pam, xxxiv. 1852, p. 748; Scudder, Butt, 
Xew Bngland, i. 1889, p. 47 ; Minot and Burgess, Fourth Ftp, U. S. FhUom, Comm, 
1885, p. 53. 
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slender oesophagus through the length of the thorax, dilating when 
. it reaches the abdomen to form a tubular stomach ; before this 
it is somewhat enlarged to fonn an indistinct crop, and gives off. 
: a large diverticulum usually called a sucking stomach. According 
to Burgess, tliis structure does not possess the function ascribed 
to it by this name, and he terms it a food-reservoir. The Mal- 
pighian tubes are six in number, three on each side, and each set 
of three unite to form a common tube opening into the posterior 
extremity of the stomach; behind them the alimentary canal 
continues in the form of a slender, tortuous intestine, expanding 



Fio. 163. — ^Internal anatomy of Lepidoptera. Section of the body of a female butterfly, 
Anosia plexipyiis. (After Scudder.) The portion to the left of the vertical line 
more magnified. I. TI. III. thoracic segments; 1-9, abdoiuiiial segments; a, 
antenna ; anus ; ae, aortal chamber ; aff\ etc., abdominal ganglia ; ag£^, agt^, 
accessory glands ; oo, aorta ; hr, brain ; c, colon ; cp, copulatory pouch ; ca?, 
coxae ; /r, fooil-reservoir ; sub^sophageal ganglion ; h, dorsal vessel ; f, 
intestine ; Inh, area filled by wing muscles ; Lor, ovary, or egg-tubes of left side ; 
wii;, Malpighian tube (the two others of the right side cut away, except small por- 
tions) ; mx, maxilla ; o, oviduct ; w, its orifice ; oe, oesophagus ; ov.e, end of left 
ovary ; p, labial jialp ; ph, pharynx ; r.or, terminal parts of right ovarian tubes, 
tumeti to one side, after the tubes have l»een cut away ; sd, salivary duct ; agl, 
salivary gland ; ap, spermatheca ; at, stomach ; tg, thoracic ganglia ; r, copulatory 
orifice. 

'at the extremity of the body to form a rectum. The dorsal or 
circulatory vessel commences near the posterior extremity of the 
lH)dy, but in the front part of the abdomen is deflexed to pass 
under the great phragma into the thorax, where it rises abruptly 
to the dorsal wall, but is again abruptly deflexed, forming a loop, 
and is then prolonged above the oesopliagus into the head : at 
the summit of the thoracic loo]) there may be a dilatc^ou called 
the aortal cliamber. The supra* and infra-oesophageal ganglia 
are consolidated into a mass pierced by the oesophagus : there iS: 
a minute firontal> ganglion ; the ventral chain consists of three . 
much approximated thoracic ganglia and four abdominal ganglia 
separated fimu the thoracic by a long interval > 



VI 


INTERNAL STRUCTURE — EGG 


321 


The male sexual organs consist c»f the two testes placed in a 
common capsule, from wliicb proceed a pair of contiguous vusji 
deferentia (dilated soon after their origin to form the vesiculae 
seminales) ; into each vas there opens a long, tubular gland ; the 
two vasa subsequently unite to form a long, coiled, ejaculatory 
duct. It is in the structure of the female sexual organs that the 
most remarka1)le of the anatomical ehai'aeters of liCpidoptera is 
found, them Ixdng two external sexual orifices. The imago has, 
ill the great majority of cases, four egg-tubes in each ovary ; the 
pair of oviducts proceeding from them unite to form a single un- 
paired (azygos) oviduct which terminates by an orifice quite at 
the posterior extremity of the body. There is a sac, the bursa 
copulatrix or copulatory pouch, which is prolonged in a tubular 
manner, to oiien externally on the eighth ventral i>late : a tulw, 
the seminal duct, connects the bursa with the oviduct, and on tliis 
tube thei-e may he a dilatation — ^thc spcrmatheca. llcsides these 
structures two sets of accessory glands open into the oviduct, an 
unpaired gland, and a pair of glands. The dovelopment of thesi? 
structures has been described by Hatchett Jackson,^ and exhibits 
some very interesting features. The exact functions of the l>urHa 
copulatrix and of tin; other structures are by no iiieans clear. 
According to Hiley,^ the spermatheca in Promiha contains some 
curious radiate bodies, and Godman and Salvin describe some- 
thing of the same sort as existing in butterflies. Several varia- 
tions in the details of the structure of these lemarkaldy complex 
passages have been described, and the various ducts are some- 
times rendered more complex by diverticula attached to them. 
Some noteworthy diversities in the main anatomical features 
exist. According to Cholodkovsky, there is hut one sexual 
aperture — the posterior one — in Nematois metallirAis ; while, 
according to Brandt, the number of egg-tuljes in a few castes 
exceeds the normal — four — being in Se»ia fscoliaeformis fourteen. 
In Nematois metallic/us there is individual variation, the numl)er 
of tubes varying from t\relve to twenty. 

The egg ba.s been more extensively studied in Lepidoptera 
than ill any other Order of Insects. It displays great variety : 
we meet with elongate forms (Fig. 164) and flat forms like 
buttons, while in Limacodes (Fig. 83, Vol. V.) the egg is a 

’ Tr. Linn, Soe, London (2), v. 1890, p. 143. 

* P. tni, Soc, Washington, ii. 1892, p. 305. 
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transparent scale of somewhat inconstant outline. Some are 
coloured and mottled somewhat after the fashion of birds’-eggs ; 
this is the case with some eggs of Lasiocampidae and liparidae ; in 
some the sculpture of the egg-shell is of tfie most elaborate char- 
acter (Figa 77, 78, Vol. V.). The egg-shell or chorion is, accord- 
ing to Korschelt ^ and others, a cuticular product of the epithelium 
of the egg-chambers of the ovaries. The number of eggs deposited 
by an individual differs greatly in different species, and has been’ 
ascertained to be variable within certain limits in the same 
speciea Speyer thought about 260 to be the average number 
of eggs deposited by an individual. The number in the case of 
Aporia crataegi is believed to be from 60 to 100, and in some 
Hepialus to be several thousands. The mode of deposition also 
differs greatly; where the eggs are very 
numerous they seem to be discharged almost 
at random in suitable spots ; but moths such 
as Glisiocampa mmtria fasten their eggs 
round the stems of the food-plant in a very 
perfect and artistic manner. Butterfhes 
seem as a rule to prefer to oviposit by phicing 
an egg here and there rather than risk many 
in one situation ; but to this there are many 
conspicuous exceptions especially in the cases 
where the larvae live gregariously, as in the 
Yanessae. Some moths cover the eggs with 
fur from their own body, which, in the case 
of certain of the Eggers (lALsiocampidae), 
seems to have a special supply for the pur- 
pose. The period that intervenes between 
deposition and hatching of the eggs varies 
from a few days to many months. There 
seems to be, as a rule, comparatively little power of extending the 
period of latency beyond a single season ; though certain facts 
have been recorded that would lead us to believe that in 
Australia eggs may last over the proper time during ^a drought, 
and be"* hatched as soon as rain falls. 

Larva. — ^The young condition or larva of the Lepidopterous 
Insect is commonly called a caterpillar. It is a somewhat 
worm-like creature — ^in old English it was sometimes called 
^ Aeta Ac. Cferman, li. 1887, p. 238. 
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Fig. 164. — Elgg of Orange^ 
tip Imttertiy, Euchitie 
mrdaminest magni- 
fied. a, Tlie egg of 
natural size on a stalk. 
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palmer-worm — and is composed of a head and thirteen divisions 
or segments of the body; the first three of the latter are called 
thoracic, the otlier ten, abdominal segments ; in most caterpillars 
the terminal two or three abdominal segments are more or less 
run together, and the ninth may be very small, so that the true 
number is indistinct. The fii*st three segments bear each, on 
either side, a short limb, ending in a curved spine ; the next 
two (or three or more) segments are destitute of legs, but on 
some of the following divisions another kind of leg of a more 
flesliy character appears, wliile the body is terminated by a pair 
of these thick legs of somewhat different form. The front legs 
are usually called the true legs, the others prolegs, but this latter 
designation is a most unfortunate one, the term pro ” l)eing in 
entomology used to signify anterior ; it is therefore better to 
call the three anterior pairs thoracic legs, and the others abdominal 
feet, distinguisliing the hind ptir of these latter as claspers. 
There is, too, an unfortunate discrepancy amongst entomologists in 
their manner of counting the body-segments, some count the head 
as the first segment, while others apply this term to the first 
thoracic segment. The latter is the more correct course, for, as 
the head is not a single segment it should not be called such in 
a terminology that affects to be morphologically exact, not simply 
descriptive. The thoracic legs are transversely jointed (Fig. 165, 
B), but this is not the case with the abdominal feet, which are 
usually armed beneath with a circle, or with rows, of little hooks. 
The thoracic legs are, independent of their form, of a different 
nature from the abdominal, for these latter disappe^ir subserpiently, 
while the former give rise to the legs of the imago. The number 
of thoracic legs is always six, except in a few cases where there 
are none at all ; the abdominal feet are much more variable, and 
exhibit so many distinctions that we cannot here attempt to 
deal with them. M. Goosseus has given a concise and interest- 
ing account of this subject,^ and Speyer ^ a summary of the variety 
in number and position. 

The anatomy of the larva is simple in comparison with that 
of the perfect Inseet ; its main features will be appreciated from 
Fig. 165, from which it will be seen that the stomach is 
enormous, and the silk-vessels are also very extensive. There 
are three sets of glands opening by canals on the head, viz. the 
^ Ann, Soe, eni, France^ 1887, x»p. 384-404, PI. 7. ‘ Isis, 1845, p. 835. 



324 


LBPIDOPTERA 


CHAP. 


salivary glands proper, which open into the cavity of the mouth> 
one close to the base of each mandible ; the silk-glands, which 
terminate by a common canal, continued externally as the spin- 
neret ; and the glands of Filippi situate in the head itself, and 
opening into the ducts of the silk-glands, near their union 
into a common duct. It should be recollected that Fig. 165 
does not indicate all the details of the anatomy ; the muscular 
system, for instance, being entirely omitted, though there are 
an enormous number of muscles; these however are not very 
complex, they being mostly repetitious in the successive seg- 
ments.^ The mouth -parts are very different from those of the 



Fio. 105. — A. Section of male caterpillar of Amsia pltai]^v8 — muscular and tracheal 
systems and fat-hody not shown : T, pro-, 11, iiieso-, 111, meta-thorax ; 1-10^ 
abdominal segments ; b, supra-oesophageal ^nglion ; r, rectum ; </.v, dorsal vessel ; 

ganglia of ventral chain ; h, hcau ; /, intestine ; m.v, Malpighian tube ; n.6V 
iierve-uord of ventral chain ; oesophagus ; s, spinneret ; infra-oesophageal 
ganglion ; «/, stomach ; s. v, silk-vessel ; f, testis. B. One of the jointed prothoracic 
. legs. C. An abdominal foot with its hooks. (After Scudder and Burgess, .mag- 
nification almut {.) 

perfect Insect, inasmuch as the maxillae and labial palpi, which 
are the most remarkable structures of the imago, are small, and 
are differently construqted in the caterpillar, while the mandibles, 
which are the largest organs of the caterpillar, disappear in the 
adult. The little organ by which the caterpillar exudes its silk 
is called a spinneret ; according to Packard it is a “ homologue 
of the hypopharynx.” It is a more or less prominent point on 
the middle of the labium (Fig. 166,^) and sometimes forms a 
conspicuous spine projecting downwards. The eyes are ex- 
t^mely imperfect organs, consisting merely of six, in some cases 

^ For anatomy of caterpillars refer to Lyonnet's famous work, TmiManaltomiqm 
de la ehenilU quimige U bois dt 9aviU^ La Haye, 1762. 
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Fra. 166. - -Front view of* lieocl of 
A caterpillAr, with the jawa 
partially opened, r/, Ijabnini ; 
h, iiiantlihle ; c% antenna ; d, 
ocelli ; maxilla ; /, lingua ; 
apinneret ; A, labial palp. 


fewer, transparent, somewhat prominent, little spaces placed on 
each side of the lower part of the head; they are called "ocelli,” 
by Landois "ocelli compositi.” Under each of these external 
fricets there are placed percipient 
structures, apparently very imperfect 
functionally, the caterpillar’s sight 
being of the poorest cliaracter.^ The 
spiracles of the caterpillar are nine 
on each side, placed one on the first 
thoracic segment and one on each of 
the first eight abdominal segments; 
there are no true stigmata on the 
second and third thoracic segments, 
though traces of their rudiments or 
vestiges are sometimes visible. 

In the caterpillar there are no traces of the external sexual 
organs, so that the two sexes cannot be distinguished on super- 
: ficial inspection ; it was however long ago demonstrated by 
Ilerold ^ that the ovaries and testes exist in the youngest cater- 
pillars, and undergo a certain amount of growth and development 
in the larval instars; the most important feature of which is 
that the testes are originally separate but subsequently Coalesce 
in the middle line of the body, and become enclosed in a common 
capsule. In a few forms — especially of Liparidae — (Lymantriidae 
of modern authors) — the caterpillars are said to be of different 

* colours in the two sexes. Most of what is known on this point 
has been referred to by Hatchett Jackson.* 

The Silk -GLANDS of licpidoptera are of great interest from the 
physiological point of view, as well as from the fact that they 
have furnished for many ages one of the most beautiful of the 
■ adornments made use of by our own species. The sericteria, or 
^ vessels that secrete silk, are of simple structure, and differ greatly 
in their size in the various forms of the Order ; they somcitirnes 
become of great length; in the Silk-worm each of the two 
vessels is ^nearly five times as long as the body, while in 
Bomhyx yamamai and others, even this is exceeded. They 

^ See Plateau, Bull. At. Belgique, xv. 1888, p. 28 ; in reference to structure of 
ocelli, Blanc, Tile du Bombgx mori . . . 1891, pp. 163, etc. ; and Landoia in 

* ZeUsehr. win. Zool. xvi. 1866, p. 27. 

* EntwiMluMgsgeaekiehte der SekmeUerlin^, Gassel, 1816. 

* Tr. Linn. Soe. London, Zool. 2nd Ser.,> v. 1890, pp. 147, 148? 


326 


LEPIDOPTERA 


CHAP. 


grow with remarkable rapidity, being in the young silk-worm 
only 3 mih. long, in the adult 22 mm. Tlie increase in weight is 
still more remarkable ; when the silk-worm is thirty-one days old, 
the sericteria weigli only 3 mgr., but when the age is fifty days 
their weight has increased to 541 mgr., being then § of the whole 
weight of the body. In the pupa they undergo a gradual atropliy, 
and in the motii they are, according to Helm, no longer to be 
found, though earlier a^ithors were of a contrary opinion.^ Ac- 
cording to Joseph,^ the silk-vessels begin to develop at an ex- 
tremely early age of the embryo, and are very different in tlieir 
nature from the sjilivary glands, the former being derivatives of 
the external integument (ectoderm), while the salivary glands 
belong to the alimentary system. This view is to some extent con- 
firmed by the observations of Gilson as to the different manner 
in whicli these two sets of glands discharge their functions. 

The cliief feature in the anatomy of the larva is the great 
size of the stomach. There is a very short oesophagus and crop ; 
the latter becomes enlarged, spreiiding out so as to form the 
stomach, a great Siic occupying the larger imrt of the body-cavity 
(Fig. 165). On the hinder end of this sac the Malpighian tubes 
open ; they are similar in their disposition to those of the imago ; 
behind the stomach the canal expands into two successive, short 
dilatations, the first called an intestine, the second a rectum ; 
they are connected by very short isthmuses. The dorsal vessel 
is a simple, slender tube, extending from the eighth abdominal 
segment to the head. The main nervous system consists of 
supra- and infra -oesophageal ganglia, a small frontal ganglion, 
and a ventral chain of eleven ganglia, three thoracic and eight 
abdominal, the last of these latter being double. The sexual 
organs are quite rudimentary, and the ^Hissages connected with 
them very incompletely developed. 

Pupa. — The pupa, which is one of the most remarkable of 
the instars of an Insect’s life, attains its highest development in 
Lepidoptera. The Lepidopterous pupa is frequently called a chry- 
salis,” a term originally applied to certain metallic buttsserfly pupae. 
The Lepidopterous pupa differs from that of other Insects in the 
fact that its outer skin forms a hard shell, all the appendages of 

^ For iuformation os to the structure and function of the silk-vessels^ refer to 
Helm, Zeittehr. wisa. Zool. xxvi. 1876, p. 434 ; and Gilson, La Cellule, vi. 1890, 
p. 116. - * Mreaber. Sehlenaeh, Oea. Iviii. 1881, p. 116. 
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the body being glued together by an exudation so as to form a 
single continuous outer skin. This form of perfect pupa is called 
pupa obtecta.” The obtected pupa is exhibited in various stages 
of perfection in the Lepidoptera ; the maximum of perfection is 
attained by the pupae of such butterflies as are exposed without 
protection or concealment ; on the other hand, we find in various 
small moths conditions of the pupa that do not differ in any 
marked manner from the pupae of Insects of other Orders. 
Moreover, certain Coleoptera and Diptera exhibit obtected pupae 
of a more or less perfect kind. Hence the pui)a obtecta is to be 
considered as a perfected condition that exists more frequently 
in the Lepidoptera than in other Orders. 

The pu];m has no orifices to the alimentary canal or sexual 

Fio. 1S7. — Section of 
female ptipa of 
A noaia ylexippm^ 
3-4 ilays old. 1, 
pro-, tl, iiifwio-, in, 
meta-thoraic ; 1-9, 
abdominal Beg- 
meiits ; a, an ten - 
iia('0; ac, aortal 
chamber ; - Ay®, 

abilomiiial ganglia ; 
Afif/, accessory 
glands ; ao, aorta ; 
br, brain ; c, colon ; 

ep, bursa copulatrix ; cr, cremaster ; /*, first femur ; /r, food-reserroir ; /*, dorsal vessel ; 
it part of intestine ; vir, Malpighian tube ; viXt base of maxilla ; oesophagus ; ov, ovary ; 
pAf pharynx; salivary duct; spf, sfdivary gland ; sf, stomach; first tarsus; 
compound thoracic ganglion ; it?, second and thin.1 tarsus. (After Scudder.) 

organs, but the respiratory openings are pervious. It has no 
means of locomotion, but it can move a certain number of the 
posterior segments (the number variable according to kind). In 
some cases it is provided with spines, adminicula," by means of 
wliich, aided by the wriggling movements of the abdominal seg- 
ments, considerable changes of position can be effected. The 
pupae of the genus Micropte'i'yx apparently use the legs for 
locomotion, as do the pupae of Trichoptera. 

The otudy of the pupa of Lepidoptera is less advanced than 
that of the imago and larva, between which it is, in many points 
of structure, intermediate.' The interior of the pupa contains a 

1 The student will find important information as to the varieties of external 
form of pupae in Dr. T. A. Chapman’s writings ; see especially Tr, evU. Soc. London^ 
1898, 1894, and 1896. 
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quantity of cream-like matter, including the results of histolysis 
— ^but this, as well as the condition of the internal organs^ differs 
much according to whether the change from the caterpillar to 
" the moth is much or little advanced. 

Many pupae are protected by cociX)ns. These are masses of silk 

— ^very various in form — disposed by the caterpillar around itself 

during the last stage of its existence. Some of these cocoons'are 

so perfect that the moth has considerable difficulty in escaping 

when the metamorphosis is complete. Various devices are used 

for the purpose of emergence ; the russ-moth excretes a corrosive 

fluid, containing potassium hydroxide, and then {)rotects itself 

from this by retoining on the head while passing through it a 

shield formed of a portion of the pupa-skin.^ liCpidopterous pupae 

usually have the body terminated by a projection of veiy various 

and peculiar form culled ''cremaster.” In certain cases these 

projections are used for the suspension of the pupa, and are then 

frequently provided with hooks (Fig. 177, C, D). In other cases 

the cremaster is frecpiently called the anal armature (Fig. 205, B). 

The development of the wings 

of Lepidoptera has recently been 

much studied. It lias been known 

since the time of Lyonnet, that 

the rudiments of the wings exist 

inside the body of the caterpillar 

when it is nearly adult. Verson 

considers that he has detected the 

rudiments in the silk-worm larva 

even before hatching, and he 

attributes their origin to a 

modification of fonii of those 

Fio. 168.— Wing-rudiments of. hypodenoal cells that occupy 
hmMieae. A, Budhiieiits of a wing , • i 

before the first moult of the cater- Spots where the spiracles 

pillar : «, embryonic cells ; cA, ex- of the second and third thor- 
ternal cuticle ; A, hypodermis ; o, . • i i i <i 

opening of the invagination ; tr, BCIC segments might be looked 

tmhM B, portwior wtog-rodimeiit for. (It will be reooUetted that 

circular pad ; a bundle ^ the there are no spiracles on these 

rolled tr^hm ; a, e^loj^ ; pedi- thoracic segments in Lepi- 
cel ; trachea. (After Goniu.) j . , ^ , 

dopterous larvae). Ghimn has 
examined the wing-rudiments in the caterpillar, a few days old, of 
1 Latter, IV. anf. Soe, 1896, p. 399. 
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Pieris Ircmicae} and finds that the future wing is then indi- 
cated by a thickening and bagging inwards of the hypodcnnis, 
and by some embryonic cells and a trachea in close relation with 
this mass (Fig. 168, A). The structure grows so as to fonn a sac 
proj^ting to the interior of the body, connected with the body- 
wall by a pedicel, and penetrated by a trachea forming branches 
consisting of rolled and contorted small tracheae (Fig. 168, B). 
If the body -wall be dissected off tliQ catei'pillar immediately 
before pupation the wings appear in crumpled form, as sliown 
in Fig. 169. This fact was known 
to the older entomologists, and gave 
rise to the idea that the butterfly 
could be detected in a caterpillar by 
merely stripping off* the integument. 

The exact mode by which the 
wings become external at the time 
of appearance of the chrysalis is not 
ascertained ; but it would appear from 
Gonin’s observations that it is not 
by a process of evagination, but by 
destruction of the hypodermis lying 
outside the wing. However this may 
be, it is well known that, when the 
caterpillar’s skin is finally shed and 
the chrysalis appears, the wings are free, external appendages, 
and soon become fastened down to the body by an exudation 
that hardens so ns to form the shell of the chrysalis. 

Scales and nervores. — Before tracing tlie further develop- 
ment it will be well to discuss the structure of the scales and 
nervures that form such important features in the Lepidopterous 
wing. 

If a section be made of the perfect wing of a liepidopteron, 
it is found that the two layers or walls of the wing arc firmly 
held together by material irregularly arranged, in a somewhat 
columnar lAanner. The thickness of tjie wing is much greater 
where the section cuts through a nervure (Fig. 170, A). The 
nervures apparently differ as to the structures found in them. 
Spuler observed in a nervure of Triphaena pronuba, a body having 
in section a considerable diameter, that he considered to he a 
1 JiuU. Soe. Vdudoiaef xxx. 1804, No. 115. 





Fio. 160. — Anterior parts of a cnler- 
pillar of brassicftt, tho body- 
wall having been dissected off. 
immediately before pupation. 
a, a\ Anterior and posterior 
wings ; st /, first spiracle ; p\ 
second and third legs. (After 
Gonin.) 
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trachea, and also a “ wing-rib ” and blood-cells. He remarks that 
even in iiervures, perfectly formed as to their chitinous parts, 
either wing-rib or trachea or both may be absent.^ Schaffer^ 


was unable to find any tracheae 
examined, and he states that the 
matrix of the tracheae and even 
their inner linings disappear. The 
wing-ribs were, however, /ound by 
him to be present (Fig. 170, A 
and B). 

The scales that form so con- 
spicuous a feature in Lepidoptera 
exist in surprising profusion, and 



Fio. 170. — ^structure of wing of imago. A, 
Tranaverae aection of baaal portion of wing 
[of Vanessa f J containing a nervure ; e, 
cuticle ; /r, wing-rib ; ff, wall of nervure 
(**Qrundinembran ") ; A, hypodemiia ; p, 
connectingcolumna : r, lumen of nervure ; B, 
section of a rib ; b, one of the chitinona pro- 
jections ; sir, central rod. ( After Schiili'er . ) 


In the completed wings he 



Fio. 171.— Scales of male L^pidcpiera. 
A, Scale from upper surface of 
Kceres wmyntas ; B, from upper 
surface of Pieris rapas; C, Itom 
inner side of fold of inner maigin 
of hind wing of Laerlias phUenor ; 
D, one of the cover-scalea from the 
costal androconium of Mudamus 
proteus ; E, F, G. scales from andro- 
conium of Tharji^ pytades, (After 
Scudder). 


are of the most varied forms. They may be briery described 
as delicate, chitinous bags; in the completed state these bags 
are flattened, so as to bring the sides quite, or very nearly, 
together. Their colour is due to contained pigments, or to stria* 
tion of the exposed surfluie of the scale ; the latter condition 
‘ ZeiUdir. <m'M. ZotH. liii. 1892, p. 623. ^ Zool, Jahrb. Anat. iU. 1889, p. 646^ 
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giving rise to metallic “ interference-colours.” The walls of the 
scales are themselves, in some cases, tinted with pigment. It is 
said that some of the scales contain air, and that the glistening 
whiteness of certain scales is due to this. The exposed surface of 
the. scale usually ditfers from the 
surface that is pressed down on 
the wing in being delicately and 
regularly striated ; the colours 
of the upper and luider surfaces 
of a scale may also be quite 
different. Scales are essentially 
of the nature of . hairs, and aU 
the transitions between hairs and 
true scales may be found on the 
wings of certain l-epidoptera that 
bear both hairs and scales, e.g. 

Ithomia, It lias been calculated 
that there are a million and a half of scales on the wings of an 
individual of the genus Morpho, The scales are arranged on 
the wing in an overlapping manner, somewhat like slates on the 
roof of a house. Each scale has a short stalk, and is maintained 
in position by the stalk fitting into a cavity in a projection of 




172. — Insertion of scaleii. A, 
Socket holding the stalk in Gallerui 
uidlondla; B, iuHertion of the scale 
of PidyommatiiB phlftpos, l>, Bose of 
scale ; r, holding-ring ; w, surface of 
wing. (Alter Spiiler.) 


the wing-membrane (Fig. 172). 

Androconia. — The males of numerous butterflies possess 
scales peculiar in kind and various in arrangement. They may 
be either irregularly scattered over the wing, or they may form 
very complex definite structures (Fig. 173). They were formerly 
called " plumules,” but. Scudder has repleiced this name by the 
better one, “ androconia.” The function of the androconia is 
still obscure. An odour is believed to be connected with them. 
Thomas supposes ' that these scales are hollow tubes in connec- 
tion with glands at their bases, and that matter secreted by the 
glands passes through the scales and becomes diffused. In 
nearly all Lepidoptera it is the male that seeks the female ; if 
therefore bdorous scales were present in one sex only we should 
have supposed that this would have been the female rather than 
the male. As, however, the reverse is the case, the function of 
the androconia is supposed to be that of charming the female. 
Scudder considers that the covering part of the androconial 


^ Amer. Natural. , xxvii. 1893, p. 1018. 
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structures is sometimes ornamental. As a rule, however, the 
“brands" of male Ix^pidoptera detract from their beauty to 
our eyes. 



Fio. 173. — A, nectioii of part of wing Rbowing the complex androcoiiia of Thanaoa tages, 
a Skipper butterfly. The turning over of the costal margin of the wing is in thia 
case part of the arrangement, rr. Upper covering-scales attached to the costal 
portion of the under surface of the ^ving ; 6, edge of costal maiigin of the wing ; 
c, costal nervure with its scales ; field of the wing next the costal nervure, l)earing 
stunted scales ; e, the androconia ]iroper, or inide scales ; /, posterior covering 
scales ; p, lumen of the costal nervure : B, a portion of the costal area flattened 
out and seen from above ; lettering as l)efoTe : G, section of androcoiiium on the 
second nervure of Argynnis paphia, (After Aurivillius.) 

Kesumilig our consideration of the development of the wings, 
we may remark that the history of the changes during the 
pupal state is still imperfect. By the changes of relative size 
of the thoracic segments the hind wing is brought to lie under 
the anterior one (i.e, between it and the body), so that in the 
newly formed pupa the arrangement is that shown in Fig. 174. 
The wings ai^ two sacs filled with material surrouncling peri- 
tracheal spaces in which run tracheae. The subsequent history 
of the tracheae is very obscure, and contrary opinions have been 
expressed as to . their growth and disappearance. We have 
alluded to the fact that in some nervures tracheae are present, 
while in others they are absent; so that it is quite possible that 
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the histories of the formation of tlie iiervures and of tlieir 
relation to tracheae are different in various I^epidoptera. This 
conclusion is rendered more probable by the statement of Com- 
stock and Needham,^ that in some Insects the ** peritracheal 
spaces ” that mark out the position of 
the* future uervuies are destitute of 
tracheae. Goiiiii thinks the iiervures 
are derived from the siieatlis of the 
peritracheal spaces, and a review of all 
the facts suggests that tlie tracheae 
have only a secondary relation to the 
nervures, and tliat the view that a 
study of the pupal tracheae may 1)e 
looked on as a study of the pre- 
liminary state of the nervures is not 
sufficiently exact. It is, however, 
probable that in Lepidoptera the 
pupal tracheae play an important 
though not a primary part in the 
formation of the nervures ; possibly 
this may be by setting up changes in 
the cells near them by means of the 
air they supply. Semper long ago 
discovered hypodermal cylinders tra- 
versed by a string (Fig. 170, B), 
placed near the tracheae in the 
pupa.‘^ It appears probable that the “wing-ribs” found in 
the nervures (Fig. 170, A /r and B) are the final state of these 
cylinders, but the origin and import of the cylinders are still 



Fl(». 174. — TranBverse Hectioii of 
part of the ueivly diHclosed 
chrysaliB of Pieris hrassicae^ 
showing the position and struc- 
ture of the wings, lianging 
fh>iii one side of .the hotly, 
ao, Anterior wing ; np^ pos- 
terior wing ; s, e, peritracheal 
spaces ; ^ tracheae. (After 
Gonin.) 


unknown. 

The formation of the scales of the wing commences very 
early — apparently soon after the casting of the larval skin — 
though the completion of the scales and their pigmentation is 
delayed to a late period of the pupal life. The scales are formed 
by special .cells of the hypodermis that are placed deeper in the 
interior of the wing than the other hypodermal cells. Each 
scale is formed by one cell, and protrudes through the over- 
lying hypodermis; the membrane into which the scales are 
inserted is a subsequently developed structure, and the beautiful 


* Aimv. Natural, t xxisii. 1898, p. 256. * Zeitsehr. tciss, Zool. viii. 1867, p. 326. 



334 


LEPIDOPTERA 


CHAP. 


articulation of the scale with the wing takes place by a division 
of the stalk of the scale where it is encompassed by the mem- 
brane. Semper was not able to show that the scale-forming 
cells are certainly hypodermal cells, but this has since been 
demonstrated by Schaffer, who also shows that each of the cells 
contains an excretory vesicle. 

Very little is positively known as to the development of the 
colour ill the wing-scales. It has lieen pointed out by Hopkins ^ 
that in some cases the colours are of the nature of urates ; that 
is, of excretory matter of the kind that usually passes from the 
body by direct channels, and in the case of Lepidoptera, by the 
Malpighian tubes. Miss Newbigin suggests that the organic 
pigments used in scale -coloration will be found to be of two 



Fio. 175. — Early condition of scales and ncrviires. (AUer Semper.) A, Section of 
portion of wing of piiiia of phiastri^ n, basal mem brabo .with trachea 

beneath it ; c, scale-forming cell ; early state of a scale ; c, e, more advanited 
stages; /, hypodermal cells. B, part of a cellular cylinder that excretes the 
nerrure [or more probably the rib or “ RipfM)’' of Schiiffer ; cf.’ Pig. 170, B] ; h. 
epithelial [hypodermal] cells ; a, central string [supposeil by lumper to be a nerve]. 


kinds, urates and melanins, the urates being derivatives from nitro- 
genous, the melanins from carbonaceous, matters.^ Marchal, who 
has devoted a great deal of attention to the study of the Malpi- 
ghian tubes, informs us that the subdermal pigments of cater- 
pillars are frequently in large part deposits of urates, and he is 
of opinion that, the function of the Malpighian tubes being 
arrested at certain periods of the metamorphosis, elimination of 
the matter they separate when functionally active then takes 
place in a variety of other ways.* A similar condition as to 
the melanin-pigments and the respiratory functions appears also 

' Phil, Tram, 180 B, 1896, No. 16. * Natural Science, viii. 1896, p. 94. 

• Bull, Soe. ent. France, 1896, p. 257. 
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probabla The scales when first formed are^ pallid, and the physi- 
ology of their pigmentation is not fully ascertained ; it is, how- 
ever, known that when the scales are pallid the hypodemiis is 
either pigmented or in close contact with pigmentary matter, 
and that as the scales become coloured this pigmentation of the 
hypo'dermis diminishes; so that it is clear that the colour of 
the scales. is obtained from matter in the interior of the develop- 
ing wing, and probably by the agency of tlie hypodermis. 

The pattern on the wings of Lepidoptera is formed before 
the emergence from the pupa. In the Tortoiseshell butterfly, 
according to Schaffer, it commences to appear about the ninth 
day of the pupal life, and the pattern is completed about the 
eleventh or twelfth day. He also states that the process varies 
in its rapidity, and this, he thinks, may depend on the previous 
condition of the larva. According to Buckell the pii]>a of 
Nemeohim Iv^cirm is sufiiciently transparent to allow the develop- 
ment of the colour of the imago to be watched. He says that 
the coloration occurred first in fmnt ; that its entire production 
occupied less than twenty-four hours, and only commenced about 
forty-eight horns before the imago emerged.^ When the butter- 
fly leaves the pupal skin the wings are soft, crum^ded sacs, of 
comparatively small size, but, lis everyone knows, they rapidly 
expand and become rigid; the physiology of this process is 
apparently still unknown. 

A great deal of evidence, both direct and indirect, has 
accumulated showing that the organisation of many lioxiidoptem 
is excessively sensitive, so that slight changes of condition pro- 
duce remarkable results ; and it has also been shown that in the 
early part of the life this sensitiveness is especially great at the 
period of eedysis. Numerous butterflies produce more than one 
generation a year, and sometimes the generations are so different 
that they have passed current with entomologists as distinct 
species. The phenomena of this character are styled ** seasonal 
variations” or ''seasonal dimorphism.” It has, however, been 
shown that, by careful management, the eggs of a generation (say 
form a) may be made to produce form a, whereas in the usual 
course of nature they would produce form 6. A very remarkable 
condition is exhibited by the North American Papilio aj((x. There 
are three forms of the species, known as P. ajax, P. telamonides, 
^ iZecofi2,'yi. 1895, p. 258. 
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and jP. mdrcdlvs. It ^is uncertain how many generations there 
may be in one year of this species, as the length of the life- 
cycle varies greatly according to circumstances. But in West 
Virginia all the butterflies of this species that emerge from the 
chrysalis before the middle of April are the form marcdhis ; 
these produced between the middle of April and the end of May 
are tdamonides; while those that appear after this are ajax.’ 
I\ telamonide& is not, however, the offspring of marcellus, for both 
forms emerge from pupae that have x^^ssed through the winter 
(and are the offspring of ajax\ those that emerge early being 
marcellm^ tliose that appear later telamonides. 

In various parts of Asia and Africa the butterflies produced 
during the wet season differ more or less markedly from those of 
the same species produced during the dry season. These are 
called “ wet ” and “ dry season ” forms. Their aetiology has not 
been investigated, this discovery being comparatively recent. 

* • Turning to the early life we find that some larvae vary in 
colour, and that this variation is sometimes of a definite char- 
acter, the hirva being one of two different colours — green or 
brown. In other cases the variation of the species is less 
definitely dimorphic, a considerable range of variation being 
exhibited by the species. In tracing the life-histories of .Lepi- 
dopterous larvae it is not rare to find sx^ecies in which the larva 
abruptly changes its form and colour in the middle of its life, 
and so completely that no one would believe the identity of the 
individual in the two successive conditions had it not been 
shown by direct observation; in these cases tiie change in 
appearance is usually associated with a change in habits, the 
larva being, perhaps, a miner in leaves in its first stages, and an 
external feeder subsequently. In the case of the larval vamtion 
we have alluded to above, it is understood tliat there is no 
marked change of habits. Poulton has shown ^ that it is not 
infrequent for some of these latter kinds of variable larvae to 
change colour during life, and he considers that light or conditions 
of illumination, that he sx)eaks of as " phytoscopic,’’ ^re the in-^ 
ducing causes. Great difference is, however, exhibited according 
to species, some variable species not being so amenable to these 
influences as others are. In dimorphic forms the change was 
observed to take place at a moult, the larva changing its skin 
^ Trans, ent. Soe. London^ 1892, p. 29S, etc. 
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and appearing of another (dolour. In some cases the result of 
the change was to bring the colour of the larva into harmony 
with its surroundings, but in others it was not so. lJuring the 
final stage many larvae are susceptible, the result being made 
evident only when the pupa is disclosed. Variably coloured 
pupae of certain species of butterflies liave long been known, and 
it has lieen shown that some of the varieties can be induced by 
changing the surroundings. The I'esult of the changes is in 
certaiin cases correspondence between tlie colour of the individual 
and its surroundings. In the case of other species having pupae 
of variable colour, the colour of the piq^a is without relation to, 
or harmony with, the suiTOUiidings. 

Kxiierimcnts have liemi made on pupae by Merri field and 
otliers, with the result of showing that by changes of tempera- 
ture applied *at certain moments some of the colours or marks of 
the buttei-fly tliat will emerge can be altered. 

It is found that in certain localities the colour of various 
kinds of butterflies more or less agrees, while it differs from 
that of the same butterflies found in other localities. Thus 
Weir speaks of a duskiness common to various butterflies in 
Java, and calls it **phaeism” ; and Bates states that in the Amazon 
valley numerous species of butterflies vary in a similar manner, 
as regards colour, in a locality. This phenomenon is now called 
** hoiiioeochromatism,’* and is supposed to be due to the cffec.t of 
local conditions on a susceptible organisation, though there is no 
experimental evidence of this. 

Miimcry, — There are many cases in l^ipidoptera of species 
that depart more or less strongly in appearance from those forms 
to which they arc considered to be allied, and at the same time 
resemble more or less closely species to which they are less allied. 
This phenomenon is called mimicry.^ Usually the . resembling 
forms are actually associated during life. Bates, who observed 
this phenomenon in the Amazon valley, thought that it might 
be accounted for by the advantage resulting t^j the exceptionally 
coloured forms fnun the resemblance;'^ it being assumed that 
these were unprotected, wliile the forms they resembled were 

^ The term mimicry is Bometimes used in a wider sense ; but we tliiiik it better 
to limit it to its original meaning. The word is a most unfortunate one, being 
both iiiarlequate and inaccurate. 

* Tmna, Linn, Hoe, xxiii. 1862, p. 507. 
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believed to be specially protected by nauseous odours or tasta 
It was, in fact, thought that the destroying enemies were 
deceived by the resemblance into supposing that the forms that 
were in reality edible were inedible. This subject has been 
greatly discussed, and in the course of the discussion numerous 
crises that could not be aocount(3d for by Bates's hypothesis have 
b(;e]i revealed. One of these is the fact that resemblances of the 
kind alluded to very frequently occur amongst inedible forms. 
This also has been thought to be accounted for by a supposed 
advantage to the Insects ; it being argued that a ccrttiin number 
of " protected ” forms are destroyed by enemies tl)e instincts of 
which are faulty, and which therefore always require to learn by 
individual experience that a certain sort of colour is associated 
with a'nasty taste. The next step of the argument is that it 
will be an advantage to a protected butterfly to forjii part of 
a large assochition of forms having one coloration, 1x3cause 
the ignorant enemies will more etisily learn the association of a 
certain form of coloration with mistiness ; moreover such destruc- 
tion as does occur will Ijc distributed over a larger number of 
species, so that each species of a large, similarly coloured, inedible 
association will have a less numlter of its individuals destroyed. 
It is scarcely a matter for surprise that many naturalists are 
very sceptical as to these explanations ; especially as the i)heno- 
mena are supposed to have occurred in the past, so that they 
cannot be directly verified or disproved. It has not, however, 
been found, as a matter of facst, that even unprotected butterflies 
are much destroyed in the perfect state by birds. Moreover, in 
endeavouring to realise the steps of the process of development 
of the resemblance, we meet with the diiliculty that the amount 
of resemblance to the model that is assumed to be eilicient at 
one step of the development, and to bring safety, is at the next 
step supposed to be inefficient and to involve destruction. In 
other words, while analysis of the explanation shows that it 
jjostulates a peculiar and well-directed discriminative * power, 
and a persistent selection on the part of the birds, cbscr\'ution 
leads to the . belief that bii*ds have been but little concerned in 
the matter. If we add to this that there is no sufficient evidence 
that the species now similar were ever dissimilar (as it is sup- 
posed they were by the advocates of the hypothesis), we think 
it is clear that the explanation from our point of view is of but 
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little importance.^ The comparatively simple, hypothetical 
exphination, originally promulgated by llates, is sometimes called 
Batesian mimicry ; while the " inedible association hypothesis 
is termed Miillerian mimiciy. 

'J'here is one branch of the subject of mimicry that we think 
of great interest. This is the resemblance between Insects of 
different Orders ; or between Insects of the same Order, but be- 
longing to groups that are essentially different in form and 
appearance. It is not infrequent for beetles to resemble ITymen- 
optiilra, and it is still more frequent for I^pidoptcra to resemble 
Hymenoptera, and that not only in colour and form, but also in 
movements and attitude. Driice laiya : Many of the s[)ecies of 
Zygaeiiidae are the moat^ wonderful of all the moths ; in some 
cases they so closely resemble Hymenoptera that at first sight it 
is almost impossible to determine to which Order they belong.” ® 
W. Muller says: “The little Lepidoptera of the family Glaucopides, 
that are so like certain wasps as to completely deceive us, have 
when alive exactly the same imuiner of holding their wings, the 
same restless movements, the same irregular flight us a wosp.”^ 
Seitz and others record a case in which a Brazilian Afacraglofiaa 
exactly resembles a humming-bird, in company with which it 
flies ; and the same naturalist also tells us ^ of a Skipper butterfly 
that greatly resembles a grasshopper of the genus Tettix^ and that 
moreover makes movements like the jumping of grasshoppers. 
Ill most of these cases the probabilities of either original 
similarity, arrested evolution, or the action of similar conditions 
are excluded : and the hypothesis of the influence, by some means 
or other, of one organism on another is strongly suggt.^sted. 

The classification of Lepidoptera was said by Latreille a 
century ago to be a reproach to entomologists. Since that time 
an enormous number of new species aiid genera have been 
described, but only recently has much advance been made in 

‘ A suniniary of the chief aspects of the question is contained in Becidard's 
Anivtal Ooloraiion^ Tjondon, 1892. An account of the Hubjt.‘ct with niinieroiis illuH- 
tratioiis has J;»eeu given by Haase, ** Untersuclmiigen iibor die Mimicry," Bibl. 
ZooL iii. 1893, lleft viii. Those who wish to sec the case as stat^ by an advocatn 
may refer to Professor Poulton's work, 2'he Colours of Avdimls (International 
Scientific Series), Ixviii. Iiondon, 1890. 

/*. XooL SiHS, Loiidofit 1888, p. 872. « 

3 Kbsnws, xix. 1886, p. 363. The Insects alluded to by both these naturalists 
are now, we believe, placed in the Family Syntoniidae (see i>. 388). 

« Steti. ewt. ZeU. li. 1891, p. 264 ; and Ivi. 1896, p. 234. 
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the way of improvement of classifieatioti. Tlie progress made 
has been limited to a better comprehension and definition of the 
families. The nervuration of the wings is the character most 
in vogue for this i)urpose. As regards the larger groups, and 
riiylogeny, there is a general ojiinion prevalmit to the effect that 
Micropterygidae, Erioc^cphalidae and Hepialidae are in a com- 
paratively primitive condition, but as to the relations of these 
iainilies one with the other, or with other I/ipidoptera, there is a 
wide diflerence of opinion. 

The primary divisions of the family most often met with in 
literature are : — either liliopalocera ( = butterflies) and Hetero- 






Fio. 176. — of hiitterllies' 
siiitennais. Terminal portioiiM 
of iiiitKiiiia of, 1, Heris In'tiS' 
2, inJernaJU; 3, 
IttMUi idea (sub- family Dan- 
aideN) ; 4, Evdmnva 
and 6, LimttcfntreH tanwnn 
(lioHperiidae). (After Scliata 
and Guilder.) 


cera ( = moths); or Macrolepidoptera and Microlepidoptera ; 
the Macrolepidoptera including the butterflies and large motlis, 
the Microlepidojitera being limited to ttie families Tineidae 
(now itself in process of division into numerous families) and 
Tortricidae ; some entomologists including also l^yralidae, Ptero- 
phoridae and Orncodidac in Microlepidoptera. The division of all 
Lepidoptera into two series is merely a temporary device necessi- 
tated by imperfect aciiuaintance with morphology. The division 
into Macro- and Micro- lepidoptera is entirely unscientific. 

Scries 1. Khopahicura or Butterliies. — Antcuiiac knobbed at the tip or 
thickened a little before the tip, without pectinations, projecting 
processes, or conspicuous arrangements of cilia. Hind wings with- 
out a frenulum, but with the cosbil nervure strongly curved at the 
base (Fig. 161, II, B). ^ 

Series II. Heterocera or Moths. — Antennae various in form* only rarely 
knobbed at the tip, and iu such cases a fienulum present In the 
large majority a fieiiuluin is present, and the costal nervui'e of the 
hind-wing is either but little arched at the base (as in Fig. 161, 
I, B) or it has a laige area between it and the front niaigin ; 
but in certain families the hind wing is formed much as in 
Bhopalocera. 

t 
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It may be inferred from these definitions that the distinc- 
tion between the two sub-Orders is neither sharply defined nor of 
great importance. The club of the antenna of the Khopalocera 
exhibits considerable variety in form (Fig. 176).^ Ilutterllies 
are as a rule diurnal in their activity and moths nocturnal ; but 
in the tn)pics there are numerous Heterocera that are diurnal, 
and many of these resemble butterilics not only in colour but 
even in the shapes of their wings. 


Series I. Khopalocera. Butterflies. 

Glassiflcation and Families of Butterflies. — Although 
considerable unanimity exists as to the natural groups of butter- 
Hi(‘s, there is much diversity of opinion as to what divisions are 
of e(]uivalent value — some treating as sub-families groups that 
Olliers call families- and as to the way tlie families should l)o 
combined. There is, however, a general agreement tliat the 
Ifes|)eriidae are the most distinct of tlie families, and K. lieutm* 
considers them a distinct sub-Order with the name (Jlrypoccra.*** 
Four categories may be readily distinguished, us follows, 
viz.: 


1. Tlie majority of butterfiies ; having the firet pair of legs more or less strik- 

ingly difleitint from the other paim ; fmpiently very much smalbu' 
and not used os legs ; when not very small, llien diifering according 
to Mix of the same species, being smaller in the male tban in 
the female ; the part most iieciiliar is the tarsus, which is modified 
in various manners, but in the males of tills gi’eat series is always 
destitute of its natural form of a succession of simple joints five iii 
number. There is 110 pad on the front tibiiu 

Fain. Nymfhaltdae, Ehycinidae, Lycaeniuae. 
[The distinctions between thetse three familicB are found in the 
amount and kind of the abortion of the fiont legs; for 
definition refer to the heading of each of the families.] 

2. The front legs are in general form like the other pairs; their tibiae 

have no pads; the claws of all the feet are bifid, and there is an 
eiiipodium in connection with them. Fam. Pieridae. 


^ For ail account of the antennae of butterflies, see Jordan, jVov, ZqoL v. 1898, 
pp. 374-41.5. 

^ Haase first proposed the name Netrocera {Deulsi^ ent. ZeU. Lep. iv. 1801, 
p. 1) for Hesperiidae, as a division distinct from all otlier butterflies; Karsch 
replacerl the name in the following year by Grypocera, because Nelroeera is the 
• name of a genus. 
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3. The front legn are like the other poire; their tibiae liowevop puaseso 

pads ; the clows are large, not bifid, and tlicite is no empodiuni ; 

. tlie niGtanotiim is conipletcly exposed at the Itase of the abdomen. 

Fain. Papilionidae. 

4. The front legs are like the other pairs their libhie however ])088e8s 

pads ; the cla^vs arc small, toothed at the Imse, and there is an 
emiKKliuiii ; the metanotum is concealed by the prolonged and 
overhanging mesonotum. Fam. Hespehiidae. 

The rehitibiis between the families Eryciuidac, Lycaenidae, 
and Nymi)halidae are very intimate. All these have the front 
legs more or l^ss modifietl, and the distinctions between the 
families depend almost entirely on generalistitions as to these 
modifications. These facts have led Scudder to associate the 
Lycaenidae aild Erycinidae in one group, which he terms 
"Kuralea” It is however difficult to go m far and no farther; 
for the relations between both divisions of Buralcs and the 
Nymphalidae arc considerable. We shall subsequently find that 
the genua Libythea is by many retained as a separate family, 
chiefly because it is difficult to decide whether it should be 
placed in Erycinidae or in Nymphalidae. Hence it is difficult to 
see in this enormous complex of seven or eight thousand species 
more than a single gi’cat Nymphalo-Lycaenid alliance. The 
forms really cognate in the three families are however so few^ 
and the number of sjiecies in the whole is so very large, that it 
is a matter of great conyenienee in practice to keep the three 
families apart. It is sufficient for larger purposes to bear in 
* mind their intimate connexions. 

The Papiliouidac and Pieridae are treated by many as two 
sub-divisions of one group. But we have not been able to find 
any justification for this in the existence of forms with connect- 
ing charactera Indeed it would, from this point of view, 
appear that the Pieriiiae are more closely connected with the 
Lycaenidae and Erycinidae than they nxe with Papilionidac ; 
in one important chai'ucter, the absence of the pad of the front 
tibia, the Nymphalo-Lycaenids and the Pierids agree. It has* 
also been frequently suggested that the Papilionidae (in the 
larger s^nse just mentioned) might l)e associated with the 
Hesperiidae. But no satisfactory links have been brought to 
light ; and if one of the more lowly Hesperiids, such as Thariaos, 
he compared with one of the lower Papilionidae, such as 
Parnassim, yery little approximation C4iu be perceived. • ^ 
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It appears, therefore, at present that Hesperiidae, Papi- 
lionidae, Pieridae, and the Nymx>haIo-Lyc 2 ienid complex are 
naturally distinct. Put in the following review of tlie fainilii^s 
and sub-families of butterflies, we shall, in aceordaiice with the 
views of the majority of T^epidopterists, treat the Iiyc 4 ienidae 
and Erycinidae as families distinct from both Nyinplialidae and 
PieridaeJ 

The number of described species of butterflies is probibly 
about 13 , 000 ; but the list is at present far from complete; 
forms of the largest size and most striking appearance being still 
occasionally discovered. Forty years ago the number known 
was not more than one-third or one-fourth of what it is at 
present, and a crowd of novelties of tlie less conspicuous kinds is 
brought to light every year. IIencM3 it is not too much to antici- 
pate that 30 , 000 , or even 40,000 forms may be acquired if 
entomologists continue to seek them with the enthusitism aiub 
industry that have been manifesWd of late. On the other 
hand, the species of Bhopalocera seem to bti i)ecidiarly liablcs to 
dimorphic, to seasonal and to IckuiI variation ; so that it is 
possible that ultimately the luunber of true Hi)eeie8 — that is, 
forms that do not breed together lictually or by means of inter- 
mediates, morphological or chronological — may have to be con- 
siderably reduced. 

[n Pritain we have a list of only sixty-eight native butter- 
flies, and some even of these are tilings of the jiast, while others 
are only too certainly disaxipeariiig. New Zealand is still 
pixirer, possessing only eighteen; and this number will prob- 
ably 1)6 but little increased by future discoveries. South 
America is the richest part of the world, and Wallace informs us 
that 600 species of luitterflies could, forty years ago, be found 
in the environs of the city of Para. 

Fam. 1. Nymphalidae. — The front 2)air of legs much reduced 
in size in each sex, their tarsi in the imde with but one joint, 

^ The iRorature of butterflies has become extremely extensive. Tlie following 
works contain information as to general questions : 1, Soinhler's Buiterjlies New 
England, a beautifully illustrated work completed in 1889, and replete with 
interesting discussions. 2, Staudinger, Scliatss and Rbbcr, ExotUche Tagfalter, 
in three folio volumes (Fiirth, 1884-1887), with illustrations of exotic butterflies 
and a detailed sketch of their characters. 3, Enzio Reuter, **Uber die Palpen 
der Rhoiialoceren,** in Acta Soe, Sei, Fenn, xxii. 1896, treating fully of classifica- 
tion and phylogeny. 
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though in the female there are mnally Jive hut vnthout any claws. 
Pupa suspended hy the tail so as to hang down freely. Wc 
include in this family several sub-families treated by some 
taxonomists as families ; in this respect we follow Bates, wliose 
arrangement^ still remains the Iwisis of butterfly classification. 
With tills (extension the Nymphalidms is the most important of 
the families of butterflies, and includes upwards of 250 genera, 
and between 4000 and 5000 species. There are eight sub- 
families. 

It is in Nymphalidae that the act of pupation reaches its 
acme of complication and perfection ; the pupae hang sus])cnded 
by the tail, and the cremaster, that is the process at the end 

of the body, bears highly- 
developed hooks (Fig. 17*7, 
(/, D). The variety in 
form of tlie chrysalids is 
extraoi’dinaiy ; humps or 
processes often project 
from the body, making 
the Insect a fantastic 
object ; the strange ap- 
pearance is frc([uently in- 
creased by patohes like 
gold or silver, placed 





on 


Fia, 177. — Pnpn of llie Purple Emperor Imtterfly, 

Apahim irh. Nt‘W Forest. Lateral, B, 
doriHil aa])ect ; G, eiilargeil view of cremaster 
witli the Huspensory hook ; D, one hook still various parts of the body. 
more«ul«ge.l. 

term chrysalid was first suggested by these golden pupie. 
The Purple Emperor, Apatura iHs, differs strikingly in the pupa- 
as well as in the Larva- stage from all our other Mymphalids; it 
is of green colour, very broad along the sides, but narrow ,on 
the dorsal and ventral aspects (Fig. 177). The skip of this 
pupa is less hard than usual, and the pupa seems to be of a 
very delicate constitution. The Puride Emperor, like some of 
the Satyrides as well as some of its more immediate congeners, 
hibernates in our climate as a pirtially grown larva and passes 
consequently only a very brief period of its existence in the 
form of a pupa. 

Sub-Fam. 1. Danaides. — Front wing with inner-margin 

^ Journal of JStUomology, i. 1862, p. 218 : for early instars of South Atnerican 
Nymphalidae see MtQler, 2Sbol, Jahrh. Syst. i. 1886, p. 417. 
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{submedian) mrvure, with, a short fork at the hose. Cell of hind 
•wing closed. Front foot of the female ending in a vorriigate 
knob. Caterpillars smooth, pn'ovided with a few long fleshy 2 )ro~ 
cesses. The claws are in a variable state, being sometimes simple, 
as in Papilionidae, sometimes with an empodium, apparently of 
an imperfect kind. The Danaides are usually large Insects with 
an imperfect style of ornament and colour ; they have a great 
deal of blaiik or very dark scaling, and in some Enploea. this 
is agreeably relieved by a violet or purple sulfusion, and these 
are really line Insects. Usually there are large i)ale s))aces, of 
some neutral indefinite tint, on which black blotches are dis- 
tributed in a striking but inartistic manner. In many of the 
species tlie markings ai-e almost spot for spot the same on the 
upi)erand under sides. Alx>ut seven genera and 250 species are 
recognised. Danaides occur in all the warmer })arts of the 
^vorld, but are most numerous in the Kistern tropics. In Europe 
the family is represented only ])y an Asiatic and African species, 
Limna,s chrysipixius, that has extended its range to (Jrecce. 
Besides this another speijies, Anosia eripptis, Cr. (unfortunately 
also called Anosia menijpe, Hb., and Danais arehipjms or even V, 
plexip 2 nis) has in the last two or three decades extended its 
range to various islands and distant localities, concomitantly, it 
is Ixjlieved, with an extension of the distribution of its food-plant, 
Asclejiias, Tliis Insect has seveial times been taken in this 
country, tand may probably be a natural immigrant. It is a 
common butterfly in North America, where it is called the 
Monarch.^ 

Some, at least, of the Danaides are unjdeasant to birds in 
odour or in taste, or both. Among them there occur, ixccording 
to Moore ^ and others, numerous cases of resemldance between 
forms that are thus protected. It is possible that the odour 
and taste are of some value to the Insects ; * as, however, butter- 
flies of any kind appear to lie but mrely attacked in the imago- 
state by birds, and as their chief enemies are parasitic Insects 
that attack the larval instar, it is impossible to consider this 
protection of such prime importance to the si)ecies as niaiiy 
theorists assume it to be. 

' Thisi is the subject of Scudder'e Life of a Butterfly, 18®3. 

*•< P. Xool, Soe, Lwulon, 1883, p. 205. 

’ Finn, J, Aaiat, Soe. Beryypl, Ixvi. 1896, p. 528 ; Ixvii. 1897, p. 213. 
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Fig. 178. — ilhomw piiaio. Brazil. 


Sttb-FasQL 2. Ithomiides. — Differs from Danaides hy ths 
female front foot haviTig a true^ thouyh somewhat ahhreviate 
tarsns. The caterp-illers have no long processes. There has been 
considerable diflTerence of opinion as to this division of butter- 
flies. It is the faniily Neotropidae of Scliatz, the Meehanitidiie 
of Berg ; also the “ Danaioid Heliconiidae ” of several previous 
writers, except that Ituna and Lyeorea do not belong here 
but to Danaides. Godman and Salvin treat it as a group 
of the Danaid sub-family. The Ithomiides are peculiar to 
tropical America, where some 20 or 30 genera and about 600 

species have been discovered. 
There is considerable variety 
camongst them. Ithomia and 
Ilymenitis are remarkable for the 
small area of their wings, which 
bear remarkably few scales, these 
ornaments being in many cases 
limited to narrow bands along 
the margins of the wings, and a mark extending along the 
diseocellular neiwule. Wallace sjiys they prefer the shades of 
the forest and flit, almost invisible, among the dark foliage. 
Many of these species have the hind-wings, differently veined 
in the two sexes on the anterior part, in connection with the 
existence in the male of peculiar fine hairs, placed near the 
costal and sul)COstal veins. Tithorea and other forms are, how'- 
ever, heavily seeded insects of stronger build, their colours usujilly 
being black, tawny-red or brown, yellow, and white. In the 
sub-fani. Danaides, according to Fritz Milller, the male has scent- 
tufts at the extremity of the abdomen, whereas in Ithomiides 
analogous structures exist on the up]:)er side of the hind-wing. 
Ithomiides have various colour-resemblances with members of 
the Heliconiides and Pieridac ; Tithorea has colour analogues in 
Helieonuis, and Ithomia in Dismorphia (formerly called Leptalis). 
Crowds qf individuals of certain species of Ithomia are occasion- 
ally met with, and mixed with them there are found a small 
number of examples of Dismrrphia coloured like themselves. 
They are placed by Haase in his category of secondary model8.^ 
Belt states that some Ithomiides are distasteful to monkeys and 
spiders, but are destroyed by Fossorial Hymenoptera, which use 
the butterflies, as f(X)d for their young ; and he also says that 
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they are very wary when the w'osp is near, and rise off their 
perches into the air, as if aware that the wasp will not then 
endeavour to seize them. "Much information is given about 
the habits by Bates in the paper in wliich he first propounded 
the^ " theory of mimicry.” ' The larvae are said to live on 
Solaiiaceae. 

The genus Hamndryasif^ placed by some writers in Danaides, 
by others in Ithomiides; and Hajisc has proposed to make it the 
group “ ralaeotropiiifie.” The species are small, black and white 
Ilisects, somewhat like Tierids. They are apparently liardy 
Insects, and are abundant in certain parts of the Austro-Malay 
I’cgion. 

8ub-Fam. 3. Sat]rride8. — Palpi strongly immd together, set 
in front loith long, stiff hairs. Front usings frequently irith one 
or 7no7'e of the nervnres svuMen or hladder-lihe at the lutse of the 
vring. Cells of both wings closed, Caterpillar thiekest at the 
middle, the kind eiui of the body bifid. Pupa, generally suspended, 
by the cremaster, without girth : hut sometimes terrestrial. This 
is a very extensive group, consisting of upwards of 1 000 sixicies. 
The Insects are usually of small size, of various sliailes of brown 
or greyish colours, with circular or ringed marks on the under 
sides of the wings. It is found all over the world, and is well 
represented in Europe; our Meadow-browns, Heaths, and Marl)led- 
whites, as well as the great genus EreMa of the highlands and 
mountains belonging to it. Most of these Insects have but 
feeble powers of flight, and rise but little from the surface of tlie 
ground. Tfie cateri)illars live on various grasses. Tliey are 
usually green or brown, destitute of armature, ami a good deal 
like the ciiterpillars of Noctuid moths, but tlie hind end of the 
body is thinner and divided to form two corners, while the head 
is more or less free, or outstanding. The pujaie are of great 
interest, inasmuch as in a few cases they do not suspend them- 
selves in any way, but lie on the ground ; someUmes in a very 
feeble cocoon or cell. There are no cremasterlil hooks. The 
pupae of •the Grayling butterfly, Hipparehia semele, lias been 
found in loose soil a quarter of an inch below the surface. The 
chrysalis of the Scotch Argus, EreUa aethiops, was found by 
Mr. Buckler to be neither suspended nor attached, but placed 
. in a perpendicular position, head upwards, amongst the grass. 

' TraTia, Linn, Soc, xxiii, 1862, p. 495. ' 
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In the majority of cases the pupa is, liowcver, suspended 
as is usual in Nymphalidue. Nothing is known as to the 
nature of the peculiar inflation of the bases of the nervures of 
the front wings ; it is weU shown in our connnon species of 
Coenonympha ; this character is not, liowever, constant tlirough- 
out the family. There is in South America a very remarkable 
gi'oup of Satyrides consisting of the genera Gltluierias and 
llaetcra, in which tlie wings are very delicate and transparent, 
bearing on the greater pjirt of their area remote fine hairs instead 
of soiles ; there are nevertheless some scaled patches about the 
margins, and one or more of the ringed marks chara(!teristic of 
the Satyrides ; while in some species the distal portions of the 
hind wings are tinted with carmine. The Ri)ecie8 of the genus 
Ficrella (ionnect these transparent Satyrids with the more 
ordinary forms. According to Wallace the habits of these 
fairy-like forms are those characteristic of the family in general. 
The genus Elymnim has been separated by some authorities as 
a sub- family, or even as a family, Elymniidae, chiefly on the 
ground of a slight peculiarity in tlie termination of the branches 
of the veins at the outer angle of the front wings. The Ely^mdas 
are suid to lie of a mimetic nature, having a greater or less 
resemblance to butterflies of various otlier divisions ; there is 
also a considerable diilerence in appearance between their own 
sexes. The larva of E, umlidar^s is known ; it is of the form 
usual in Satyrides, and lives on the palm Corypha, About 
60 species, ranging from India to Australia, with two in Africa, 
are known of this interesting group. 

Sub-Fam. 4. Morphides. — There is iw cdl on the kind wing ^ 
the discocellidar nervide being absent (Fig. 161, II. B). Caterpillars 
smooth or spiny, with the extremity of the body divided; frequently 
gregariom. These Insects have tecome notorious from the extra- 
ordinary brilliancy of blue colour exhibited by the upper surface of 
the wings of the typical genus Morpho. The species of Morpho are 
all Insects of farge size, but with wings enormous in proportion 
to the body ; this latter part is carried in a sort of cradle formed 
by the inner parts of the margins of the hind wings. Although 
an arrangement of this kind is seen in numerous other butter- 
flies, yet there is perhaps none in which it is carried to quite 
such a pitch of perfection as it is in Morpho, where, on the 
under surface no part of the body behind the posterior legs can ‘ 
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be seen. There are only about 100 species of Morphidcs, and 
60 of these are included in Morpho, which is peculiar to tropkuil 
and sub-tropical America ; the other half of the family is divided 
among ten or twelve genera, found in the Indo-Malay region ; 

there being none in Africji. The eastern Morpliides, though 

fine Insects, are not to be compared, either in size or brilliancy, 
with their American allies. The species of Mtrtpho are ap- 
parently found only in the great forests of South America, 

where they are far from rare; some liave a flapping and undulat- 
ing flight, straight onwards along the alleys of the forest, and 
near the ground ; others are never seen except steadily gliding 
wdth outstretched wings from 20 to 100 feet above the ground, 
where they move across sunny spices l)etween the crowns of the 
taller trees ; the low - flyers settle freciuently on tlie ground 
to suck the juices from fallen fruit, but the members of the 
other section jiever descend to the ground. As regards th(‘ 
caterpillars, W. Miiller tells us ' that the spines they are armed 
with break off, and enter the skin, if the CTOitures are wirelessly 
handled. Four of the five species known to him are conspicu- 
ously coloured with black, red, yellow and white. The individuals 
are gregarious. The larvae of M. achilles sit in cuiii))anies, often 
of more than 100 individuals, on trunks of trees, and so form a 
conspicuous patch. The caterpillars of 3L eputrophis hang to- 
gether as red clumps on the twigs of their food-plants. Hence 
it appears that in this genus we have an exception to the rule 
that iiight-feediiig caterpillars rest in a hidden manner during 
the day. 

Sub-Fam. 6. Brassolides. — Large butterflies, with the cell of 
the hind wing closed, and usually with a small adjoining predis- 
coidal cell. Larca not very spiny ; thinner at the two ends, the tail 
bifid, the head perpendicular and margined with spines. This 
small sub-family includes less than 100 species arranged in about 
eight genera, all South American. They have the very unusual 
habit of resting during the day like moths, beiiomiug active only 
late in the afternoon. They are truly noble Insects ; althougli 
not possessed of the brilliant colours of Morpho, they are 
adorned, especially on the under surface, with intricate lines 
and shades most harmoniously combined, while the upper surface 
is frequently suffused with blue or puqde. This sub-family 

^ zix. 1886, i>. 355. 
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attains its highest perfection in the 
genus Caligo ; they are enormous 
Insects, and some of them not rare. 
The larva of C, eurylochv^ (Fig. 179) 
during early life is green, and sits 
on tlie leaf of a Mtisa, but after thd 
third moult it becomes brown and 
hides itself among the dry leaves. It 
is common in the gardens of Eio de 
Janeiro, where its pujMie are found on 
the walls, like those of our white 
butterflies here. 

Sub - Fam. 6. Acraeides. — Snh- 
median uervure of fore winga not forked 
at the hose; the median without spur. 
Cells closed, Paljn in section eylindric, 
sparhigly set with hairs. Larva armed 
with hramhed spines, A somewhat 
monotonous and uninteresting division ; 
the si/j; is moderate or small, aiid the 
colours not artistic, but consisting of 
ill-arranged spots; the under side of 
the hind wings very frequently diver- 
sified by numerous linO-like marks, 
radiately arranged, and giving pLice at 
the base to a few spots. There are 
about 200 species known, of which the 
majority are African; there are but 
few Oriental or South American species. 
Some authorities consider there is 
only one Eastern genus, but othe^ 
prefer to adopt seven or eight divisions. 
Alaewi is now placed in Lycaenidae, 
though until recently it was con- 
sidered to l)elong here. Thei» females of 
some species x)Ossess an abdominal pouch 
somewhat similar to that of Pamassius, 

The members of this sub-family 
ai'e considered to be ' of the protected 
kind. 
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Sub-Fam. 7. Heliconiides. — Suhnedian nmmire of front win^ 
not forked ; med/ian with a sh&rt 9ij}ur near the base. Cell of himl 
wing closed by a perfect nermde. Palpi comp^'essed, tcith scales at 
the sides, in front covered with hairs, Male with an elongate 
tmjointed, female with a four-jobUed, front tar»as. Caterpillars set 
with branched spines. This family is peculiar to tropical America 
and consists of only two genera, HeUconias and Eneidcs, with 
about 1*50 species; but it is one of the most characteristic of the 
South American groups of Butterflies. It is very closely allied to 
the Nymphalides, especially to the genera Metamorpha and Colaenis, 
but is readily distinguished by the iHirfectly-formed iiervules that 
close the wing-cells. The wings are longer and narrower than 
in Nyuiphalides, and the cfdour, though exhibiting much diver- 
sity, is on the whole similar to that of tlie heavily-scaled forms 
of Ithomiides of the genera Tithorea, Meliiuiea, Melanilis; there 
bding ill several cases a great resemblance l)etweeii s^iecies of tlie 
two groups. A frequent feature in one group of Heliconius is 
that the hind wing bears a patch of red prolonged outwards by 
angular radiating marks. The individuals of certain species — H, 
melpomene and If, rhea — are known to execute conctu’ted dances, 
rising and falling in the air like gnats; when some of them 
withdraw from the concert others fill their places. If, erato 
exhibits the very rare condition of trichroism, the hind wings 
being either red, blue, or green. Hchatz states that the different 
forms have been reared from a single brood of larvae. The cater- 
pillars of Heliconiides live on Passitlorae, and are sjiid to l)e very 
similar to our Eurojieau Argynnis-Qn\jorp\\[\m, The chrysalids 
are very spinous. We may here remark that considerable con- 
fusion exists in entomological literature in consequence,of Itho- 
miides having been formerly included in this sub-family; for 
remarks formerly made as to "Heliconiides,” but that really 
referred only to Ithomiides, have been interpreted as referring 
to Heliconiides of the present system. 

The Heliconiides seem remarkably idastic as regards colour, 
and are therefore exponents of " homoeochromatism.” Bates 
says, as regards them : " In tropical South America a numerous 
series of gaily-coloured butterflies and moths, of very differ- 
ent families, which occur in abundance in almost every locality 
a naturalist may visit, are found all to change their hues and 
markings together, as if by the touch of an enchanter’s wand, at 
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every few hundred miles, the distances being shorter near the 
eastern slopes of the Andes- than nearer the Atlantic. So close 
is the actMjrd of some half-(h)zen Kj)ecies (of widely different genera) 
in each change, that he had seen them in large collections classed 
and named respectively as one species.”^ Many of theiu are 
believed to be permeated by nauseous fluids, or to possess glands 
producing ill-smelling secretions. 

Sub-Fam. 8. N3rmplialide8. — Cells , of hath front and hind 
iving, either closed only hy imperfect transverse nervnles or entirely 
open. Front tarsus of the male unjointed and without spines, 
of the fenude four- or five-jointed, Caterpillar either spined 
or smooth; in the latter case the head more or less strongly 
horned or spined, and the apex of the body Infld, This sub- 
family is specially characterised by the open cells of the 
wings; the discocelluLirs, even when present, being frequently 
so imperfect as to escape all but the most careful observa- 
tion. The Nymphalides include upwards of 150 genera and 
2000 species. The divisions having smooth larvae arc separated 
by Kirby and others as a distinct sub-family (Apaturidcs). In 
Britain, as in most other parts of the world, Nymphalides is the 
predominant group of butterflies. We have eighteen species, among 
which are included the Fritillaries, Admirals, Purple Emi)en)r, and 
the various Vaiu\ssa — I’eacock, Camberwell Beauty, Bed Admiral, 
Tortoise-shells, and Painted J^ady. All have spined caterpillars 
except the Emperor. In the temx)eratc regions of the northern 
hemisphere Vanessa may be considered the dominant butter- 
ffies, they lieiug v(?ry numerous in individuals, though not in 
species, and l)eing, many of them, in no wise discomfited by 
the neighbourhood of our own species. Several of them are 
capable of prolonging and interrupting their lives in the winged 
condition to suit our climate; and this in a manner that can 
scarcely be called hibernation, for they frequently take up the 
position of repose when the weather is still warm, and on the 
other hand recommence their activity in the spring at a very 
early period. This phenomenon may frequently lie#- noticed in 
the Tortoise-shell butterfly ; it is as if the creature knew that 
however warm it may be in the autumn there will be no more 
growth of food for its young, and that in the spring vegetation 

^ P. ent, Soe, Loiulm, 1879, 13. xxis. 

^ Allen's Naturalists’ Library, Butterflies, i. 1896. 
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is sure to be forthcoming and abundant before long, nlthoiigli 
there may be little or none at the time the creature i*e8innes 
its Jictivity. It is probalde that the habit may be in some 
way connected with an imperfect activity of the sexual organs. 
It should, liowever, be recollected that many larvae of butteriiics 
hibernate as young larvae after hatching, and, sometimes, with- 
out taking any food. Pyrameis cnrdiii, tin? I’ainted I..ady, is, 
taking all into consideration, entitled to be considered the most 
ubiquitous of the buttcjifly tribe. Its distribution is very wide, 
and is prolmbly still extendiug. The cit;ature is found in 
enormous numbers in some localities, especially in Northern and 
Eastern Africa ; and when its numl)ers increase greatly, migration 
takes place, and the Insect spreads even to localities where it 
cannot niaintuin itself permanently. In Ilritain it is probibly 
during some years nearly or quite al)sent, but may suddenly 
appear in large numbers as an immigrant. The favourite food 
of the larva is thistles, but many other plants serve the Insect 
at times. 

Vanemi, or Pyrameis^ atalanla, the Eed Admiral, is (!Oinnion 
in the Palaearctic and Ncarctic regions, and extends its range to 
various outlying siiots. The most remarkable of theses is the 
remote Hawaiian Islands, where the Insi5ct appears really to be 
now at home, though it is associated with a larger and more 
powerful congener, P, tamvunieAi, Another interesting Vane-ssid is 
Arasvhnia levami, which is peculiar to Europe, where it i)roduces 
annually two generations so dissimilar to one another that they 
I)assed current as two species, V. Uvaim and V. yrurm. Although 
intermediate forms are rare in nature they can be induced by 
certain trcatiiicnts applied to the larviie under human control. 

The dead-leaf butterflies of the genus Kallima belong to 
Nymphalidcs. They are so shaxxid and coloured that when 
settled, with wings closed, on a twig, the ax>pearance is exactly 
that of a dry leaf; the exposed surface is mottled with sjiots 
that look just like the patches of minute fungi, etc*, that are so 
common decaying vegetation. The colour and the spots on 
the under surface of this butterfly are very variable. According 
to Mr. Skertchly,® we may presume that in the minute details of 

^ A most unfortunate diversity exists in the generic names applied to these 
Vdneam, as well as in those of many other Lepidoptera. 

s Ann. Xat. mat. (6), iv. 1889, p. 212. 
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these resemblances we have a case of hypcrtely similar to that 
of the resemblauce to Insects’ minings exhibited by certain marks 
on the tegmina of Pterochroza (mentioned in V'oL V. p. 322). 

In South America there is a somewhat peculiar genus of 
Nymphalides— — that delights in settling on the trunks 
of trees rather than on flowers or leaves. It was long since noticed 
that the species of Ageronia make a clicking noise ; in some cases 
when on the wing, in other cases by moving the wings when the 
Insect is settled. The object of the noise is quite uncertain ; it 
has been suggested tliat it is done in rivahy or courtship, or to 
frighten away enemies. Bigg-Wether found, however, that in 
South Brazil there is a lazy little bird to which this sound serves 
us a signal, inducing it to descend from its perch and cat the clicker. 
The mode in which tlie noise is produced is not quite clear. Sir 
George Hampson has pointed out ^ that the fore wing bears at 
the extreme base a small appendage bearing two hooks, and that 
two other processes on the thorax j)Iay on these when the wing 
moves. His suggestion that these hooks are the source of the 
sound seems highly probable. 

There is a great variety in the larvae of Nymphalides. In 
the Vanessa group the body is armed with spines, each one of 
which bears shorter thorns, the head being unadorned. The 
Fritillarics {Argynnis, Melitaea) also have caterpillars of this kind. 
In many other forms the head itself is armed with horns or spines 
of diverse, and freipiently remarkable, character. In Apatura and 
its allies the body is without armciturc, but the' head is perpen- 
dicular, the vertex bifld and more or less prolonged. The 
caterpillar of our I*urple Emperor, ApatuTa iris, is quite unlike 
any other British caterpillar ; in colour it is like a Sphingid 
larva — green with oblique lateral stripes of yellow and red — but 
in form it is slug-like, pointed behind, and it has on the head 
two rather long tentacle-like horns. In the South American genus 
Prepona, the larva of which in general form resembles that of 
Apatura, there are'no anal claspers, but the extremity of the body 
is prolonged^ forming a sort of tail ^ 

Fam. 2. Erycinidae (Lemoniidae of some authors).^ — The 
female has six perfectly formed legs, though the front pair is smaller. 
The male has the coxax of the front legs form%ikjg a spine, o-nd the 
tarsi unjointed, mthout claws. This family consists of about 1000 
1 P. Zool. Soe. London, 1892, p. 191. 
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species, usually of rather small size, exhibiting a great variety of 
shape and coloration, some of them being remarkably simihir to 
some of the gay, diurnal moths of South America. The palpi are 
usually small, but in Ourocnemis they are large and porrect. The 
family is specially characteristic of tropical America., but there is 
one small group of 30 or 40 species, Nemeohiides, in the Eastern 
Hemisphere. We have one species in Britain, NcmeoMvn Imirm, 
the Duke of Burgundy Fritillary. Neither the larvae nor the 
pupiie of Erycinidae luesent any well-marked characteristic 
feature, but exhibit considerable variety. According to Bar,^ 
some of the larvae are like those of moths; the caterpillar of 
Melihoeus is said to be like that of a Liparis : the chrysalis has 
tlie short, rounded form of that of the Lycaemdae, and is sus- 
pended with the head down, and without a ])and round the 
body. The larvae of Euryyona arc gregarious. The pup»ie of some 
other forms adhere, heads downwards, to branches. Scudder 
considers that this family is not distinct from Lycaenidae, and 
that the Central Americtin genus Emnaem connects the two. 
lieuter also treats Erycinidae as a division of Ijycaenidae. 

Sub-Fam. 1. Erycinides. — \Charactm'» of the family,'] Pidpi 
mt unmiially large. We place all the Erycinidae in this sub- 
family except the following — 

Sub-Fam. 2. Libytheides. — Butterflies of average sise, with 
the palpi large and porrect : the front legs of the male small, the 
tarsus reduced to one Joint : the front leg of the female of the 
normal strmture, and hut little red'iieed in size. This division 
consists of the single genus Zibythea, with only a score of spc^cics. 
They are Insects somewhat like Vanessa in appearance, but can- 
not fail to bo recognised on account of the peculiar palpi. The 
genus is 9f very wide distribution, occurring in most parts of the 
warm and temperate continental regions, and it also occurs in 
Mauritius and the Antilles. 

The Libytheides have given rise to much difference of opinion 
amongst systematists, some of whom assign them tis a sub- 
family to thg Erycinidae, some to the Nymphalidae ; while others 
treat them as a family apart. The families Nymphalidae, Ery- 
cinidae and Lycaenidae are so intimately allied, that Scudder is 
probably correct in considering them to form really one huge 
family ; if this view were adopted there would be no difficulty 
1 Bull, Soe. ewt, France, 1856, 'pp. c, ci. 
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in locating Libythea therein. If they be kept apart, it is almost 
necessary to separate Libythea also ; though possibly its claims 
to bo placed in Erycinidae slightly preponderate. The recently 
described genus Ourocnemis to some extent connects Eryciuides 
with Libythaeides.^ 

Fam. 3. Lycaenidae. — The front legs but little smaller than 
the others : in the male^ however, the tarsus, though elongate, is only 
of one joint, a7id is terminated by a sirajle claw. No pad on the 
front tibia. Claws not toothed. The Lycaenidae, or Blues, are, as 
a rule, of small size, but in the tropics there are many that reach 
the avenige size of butterflies, i,e, something about the stature of 
the Tortoise-shell butterfly. The family is one of the larger of 
the divisions of butterflies, considerably more than 2000 species 
being at present known, and this number is still rapidly increas- 
ing. Althougli blue on a part of the upper surface is a very 
common feature in the group, it is by no means universfil, for 
there are many C-oppers,” as well m yellow and white Lycae- 
nidae. Many species have delicate, flimsy appendages — tails — 
to the hind wings, but in many others these are quite absent ; 
and there are even tailed and ttiilless forms of the same species. 
Tlie members of the group Liptcniiiae (Liptena, Vanessula, 
Mimacraea, etc.) resemble members of other sub-families of Nym- 
phalidae, and even of Pieridae. Lycaenidae arc well represented 
wherever there are butterflies; in Britain we have 18 species. 

The larvae of this family are very peculiar, being short, thicker 
in the middle, and destitute of the armature of spines so remark- 
able ill many other caterpillai-s. It has of late years been fre- 
quently recorded that some of these larvae are attended by ants, 
which use their antennae to stroke the cateri^illars and induce 
them to yield a fluid of which the ants are fond. Guent5e had 
previously called attention ^ to the existence of peculiar structures 
contained in small cavities on the posterior part of the cater- 
pillar of Lycaena baetica. These structures can be evaginated, 
and, it is believed, secrete a fluid ; Edwards and M‘Cook are of 
opinion that they are the source of the matter coveted by the 
ants. The larvae are without spines. 

The caterpillars of the Blues have some of them strange tastes ; 
more than one has been recorded as habitually feeding on Aphidae 

^ Baker, Tr, ent, Soc, Lovdon, 1887, p. 176, PI. ix. 

• Ann, Soe, ent, France (4), vii. 1867, p. 665, PI. xiiL‘ 
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and scale-insects. The pupae are, like the larvae, of sliort 
inflated form. By a I'emarkable coincidence, the pupic of two 
species bear a considerable resemblanhe to the heads of iiioukeys, 
or mummies. The Lycaenid pupa is usually extrt^mely consoli- 
dated, destitute of movement, and is supported — in addition to 
the attachment by the cremaster — by a silk thread girdling the 
middle. There are exceptions to these rules, and acconling to 
Mr. Bobson the ^nipa of 'fajuHa diaeus hangs free, suspended 
from a leaf, and can move the body at the si)ot where the 
abdominal segments meet the wing-cases in the dorsal line.^ 

Fam. 4. Pieridae. — The six leys •well developed^ and similar 
in the se^xes; the/re is no intd on the f ront tibia. The claws of all 
the feet are hijid^ or toothed, ami there 'is a7i cm podium. There 
are ui)wards of 1000 s|:)eciea of Pieridae already known. Al- 
though several taxonomists tre^it the Pieridae and Papilionidae 
as only subdivisions of one family, yet they appear ti» be ([uite 
distinct, and the rektionships of the former to be rather with 
Lycaenidae. In Pieridae, white, yellow, and red are the pre- 
dominant colours, tliough there is much black also. It has 
recently l)eeu ascertained that the yellow and red pigments, as 
well as the white, are uric acid or derivatives therefrom.^ The 
physiology of this peculiarity has not yet been elucidated, so 
that we do not know whether it may be connected with some 
state of the Malpighian vessels during metaniorpliosis. 

Our CTardeu-White, Brimstone, (Jlouded-yellows and Orange-tip 
butterflies belong to this family ; as does also the South American 
genus formerly called Leptalis. This generic name, which is 
much mentioned in literature owing to tlie resemblancci of the 
speifies of the genus to Heliconiides, has now disap{>eared ; Leptalis 
having been divided into various genera, while the name itself 
is now considered merely a synonym of Dismorphia. 

The African Insect, Pseudopontia paradoxa, has nearly trans- 
parent wings, no club to the antennae, a remarkably small cell on 
the wing, and an arrangement of the nervules not found in any 
other butterfly ; there being only ten nervules at the periphery of 
the front wing, and both upper and lower radial nervules uniting 
with the posterior branch of the subcostel. It has been treated 
as a moth by several entomologists. Aurivillius considers that it 

^ J. Bombay Soe. ix. 1895, pp. 338-341. 

^ Hopkins, Phil. Tram. 186 B, 1895, p. 661. 
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is certainly a butterfly ; but as the metamorphoses are unknown, 
we cannot yet form a final opinion as to this curious form. The 
extraordinary Peruvian Insect, Styx infernalis, is also placed in 
this family by Staudinger ; it is a small, juile Insect, almost wliite, 
and witli imperfect scales ; a little recalling a Satyrid. It appears 
to be synthetic to Pieridae and Erycinidae. 

The caterpillars of Pieridae are perhaps the least remarkable 
or attnictive of all butterfly-caterpillars; their skins are as a 
rule bare, or covered only with fine, short 
down or hair; their prevalent colour is 
green, moiB or less speckled with black 
anti yellow, and they are destitute of any 
prominent peculiarities of external struc- 
ture. Pupation is accomplished by the 
larva fixing itself to some solid body by the 
posterior extremity, with the head upwards 
(or the position may be horizontal), and then 
pkcing a girdle round the middle of the 
body. The pupa never hangs down freely 
as it does in Nymphalidtie. It has been 
ascertained by experiment that if the 
girdle round the larva be cut, the puj)a- 
tiou can nevertheless be accomplished by 
a considerable proportion of larvae. Soyne 
of the pupae are of very peculiar form, as is the case in the 
Orange-tip (Fig. 1 80, A) and Brimstone butterflies! The Orange- 
tip butterfly passes, nine pr 
ten months of each year as 
a pupa, which is variable 
ill colour ; perhaps to some 
extent in conformity with 
its surroundings. The North 
American E. genutia has a 
similar life-history, but the 
larva leaves its Cruciferous 
food-plant, wanders to an Fio. ISl. — Newly 'hatched larva of EwsMoe eaf" 
oak tree, and there turns to ^ 

’ oegment more megnillMl, ehowing the liquid- 

a pupa, lesembung in colour bearing setae ; 0, one of the setM stiU more 
the bark of the tree. megnifled, .nd n-ithont liquid. 

It is not unusual for caterpillars to change their habits and. 


Fig, 180. — Pupation of the 
Orange - tip hiitterfly, 
JSitchlije cartiamines. A, 
The completed pupa ; B, 
the larva, with its girdle, 
prepareil for the change. 
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appearance in a definite manner in the course of the larval life. 
The ciiterpillar of Ev4ihloe cardamines exhibits a larval meta- 
morphosis of a well-marked character. The young laiwa (Fig. 
181) is armed with peculiar setae, furcate at the tip, eacli of 
which bears a tiny 
ball of fluid. In this 
stage the caterpillar B 

makes scarcely any 
movement. In the 
middle of tlie cater- 
pillar’s life a new 
vestiture appears 
after an ecdysis ; 
numerous fine hairs 
are present, and the Fro. 182. — Ijarvu of JStMw etmtmuinvs ill iniiliUu lift*, 
fluid-bearing spines ^ nu«niHcd. 

nearly disax)pear, being reduced to a single series of spines of a 
comi)aratively small size on each side of tlie upper middle region 
of the body (Fig. 182). The colour is also a good deal 
changed, and concomitantly there is a much greater voracity 
and restlessness. 

Fam. 6. Papilionidae. — All the legs well developed. Claws 
large, simple, loithout empodutm. Front tibiae mth a pad. The 
metanotmn free, conspicuously exposed hetv)een mesonotum and 
abdomen. This series of butterflies includes some of tlie most 
magnificent of the members of the Insect world. It is considered 
by some authorities to be the highest family of butterflies ; and 
in one very important feiiture — sexual ditferentiutiou — it cer- 
tainly is entitled to the rank. There are about 700 recorded 
B^iecies, the larger portion of whicli are iiududed in the genus 
Papilio. The great variety of form has led to this genus being 
divided; the attempts have, however, been partial, with the 
exception of an arrangement made by Felder, who adopted 76 
^tions, and a recent consideration of the subject by Haase, who 
arranges JTelder’s sections into three sub-genera. Many of the 
sections have received names, and are treated by some authors as 
genera, so that an unfortunate diversity exists as to the names 
used for these much-admired Insects. The genus is distributed 
all over the world, but is perhaps nowhere more numerous in 
species than in South America. Wallace informs us that the great 
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majority of the species of the Amazon valley frequent the shady 
groves of the virgin forest. In many cases the sexes are ex- 
tremely different in appearance and habits, and are but rarely 
found together in one spot. The genus Ornithoptera is closely 



allied to Papilio, and contains some of the most remarkable of 
butterflies, the homes of the species being the islands of the Malay 
Archipelago, and outlying groups of islands, there being a smaller 
number of species in the neighbouring continents. The females 
are of great size, and are so excessively different from their 



Fig. 184. — OrnUhoptera {Schoetthergia) paradtaea, female. 
X 1. (The vings, on the right side, detached, showing the 
under surface. Colours, black, white, and grav.) 
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consorts of the other sex, as to arouse in the student a feeling of 
surprise, and a strong desire to fathom the mysteries involved. It 
would be difficult to surpass the effective coloration of the males 
in many of the species of Ornithoptei'a ; they are, too, very diverse 
in this respect ; 0. brookiana is of an intense black colour, with 
a buTid of angular green marks extending the whole length of 
its wings, while behind the head there is a broad collar of crimson 
colour. Perhaps the most remarkable of all is the 0, paradisea, 
recently discovered in New Guineii ; in this species the sexual ^ 
disparity reaches its maximum. The female (Fig. 184) is a 
large, sombre creature of black, white and grey colours, but the 
male (Fig. 188) is brilliant with gold and green, and is made' 
additionally remarkable by a long tail of unusual form on each 
hind wing. 

We may anticipate that these extraordinary cases of sexual 
total dissimilarity in appearance are accompanied by equally 
remarkable habits and physiological phenomena. In the casci of 
0. hroohiaiia the female is extremely rare, so that the collector, 
Klinstler, could only obtain fifteen females to a thousfind males. 
According to Mr. Skertchly, instead of the crowd of males being 
eager to coinjiete for tlie females, the reverse is the wise; the 
female diligently woos the male, who exhibits a reluctance to 
coupling. This observer apparently considered that the " emerald 
feathers” of the male arc a guide or incitement to the female.^ 

In Africa Onvithoptem is to a certain extent represented 
by two extremely remarkalde forms, Papiiio zalmoxis and P. 
(JDrurya) anthmu^hus. There are about a dozen other genera of 
Papilionidae ; most of tht^m contain but few species. ParTKmivs, 
however, is rich in species inhabiting the mountains and elevated 
plateaus of the northern hemisphere in both the Old and New 
Worlds ; it is remarkable for the small amount of scales on the 
wings, and for tlie numerous variations of the species. The female 
possesses a peculiar pouch at the end of the body ; although only 
formed during the process of coupling, it has a special and 
characteristic form in most of the species. The cuifous Indian 
genus Leptocircus has parts of the front wings transparent, while 
the hind pair form long tails. This genus is of interest in that 

^ Ann. Nat. Hist. ( 6 ), iv. 1889, p. 213. We trust there will not bo many more 
Kiinatlers, as this beautiful' butterfly must certainly become extinct, if the female 
be really as rare as is supposed. 
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it is said to connect Papilionidae to some extent with Hesperiidac. 
The larvae of this family are remarkable on account of a curious 
process on the thoracic segment call^l an “ osmeterium.” It is 
usually retracted, but at the will ^>f the aiterpillar can be everted 
in the form of a long furcate or V-shaped process ; tliere is a 
gland in the osmeterium, and as a result a strong odour is 
emitted when the exstulpation occurs. 

The pupation of Papilionidae is similar to that of Picridae, 
the impa being placed witli the head upwards, fixed by the tail, 
and girt round the middle. A very curious diversity of pupation 
occurs in the genus Thais, in which the pupa is attached by the 
tail as usiud, and — which is quite cxeiq)tional — also by a tliroad 
placed at the top of the head. Scudder thinks there is also a 
girdle round tlie middle, but Dr. Chapman inclines to the view 
that the thread attaching the head is really the median girdle 
slipped upwards. The pupation of Paniassius is excejttional, 
inasmuch as, like Satyrides, it is terrestrial, in a slight construc- 
tion of silk. 

Fam. 6. Hesperiidae — Six perfeH legs: metanoium 

not free, largely covered by the mesonotum. A inid on the front tibia. 
Claws short and thick; empodmm 'present. Although this family 
has been comparatively neglected by entomologists, upwards of 
2000 species and more than 200 genera are known, and it is not 
improbable that it may prove to Ikj as extensive as Nymphalidae. 
We have already sjiid that Hesperiidae is generally admitted to 
be the most di.stinct of the butterlly groups. It has been thought 
by some taxonomists to be allied to Papilionidae, but this is a 
mistake. It is undoubtedly more nearly allied to Heterocera, 
and when the classification of Lepidoptera is more advanced, so 
that the various natural groups place<l in that sub-Order are 
satisfactorily distinguished, it is probable that Hesperiidae will 
be altogether separated from Bhopilocera. We have alrejidy 
mentioned that E. Reuter considers the Ilesinsriidae to be phylo- 
genetically unconnected with Bhopalocera proper; but though 
quite read}ii to admit that he will probably prove correct in this, 
we think Lepidopterists will not be willing to recognisi? the. 
family as a sub-Order equivalent in value to all Heterocera. 

The body is shorter and thicker than it is in most butterflies, 
and is pointed at the tip rather than knobbed or bent down- 
wards ; the wings are less ample ; the antennae are not truly 
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knobbed, but are thicker before the actual tip, which is itself 
pointed and more or less bent backwards, so that the antennae 
are somewhat hook-shai)ed. 

In habits as well jis structure the family is markedly distinct 
from butterflies ; the pupation is peculiar, and the name Skipper 
luis been applied to the perfect Insects, because so many of them 
indulge in a brief, jerky flight, instead of tlie prolonged aerial 
courses characteristic of the higher butterflies. 

There is great difference among the members of the family, 
and some of them possess a very higli development of the powers 
of locomotion, with a correspondingly perfect structure of the 
thoracic region, so that, after inspection of these parts, we can 
cpiite believe Wallace's statement that the larger and strong- 
bodied kinds are remarkable for the excessive rapidity of their 
flight, which, indeed, he was inclined to consider surpassed that 
of any other Insects. “ Tlie eye ciimiot follow thenn as they dart 
past ; and the air, forcibly divided, gives out a deep sound louder 
than that produced by the humming-bird itself. If power of 
wing and rapidity of flight could place them in that rank, they 
should be considered the most highly organised of butterflies.” 
It was probably to the genera Pyrrhopyge, Enfcides, etc., that 
Mr. Wallace alluded in the above remarks. Although the Hes- 
periidae are not as a rule beautifully coloured, yet many of these 
higher forms are most tastefully ornamented ; parts of the wings, 
wing-fringes, and even the bodies being set with bright but agree- 
able colours. We mention these facts because it is a fashion to 
attribute a lowly organisation to the family, and to place it as 
ancestral to other butterflies. Some of them have crepuscular 
habits, but this is also the case with a variety of other lihopalo- 
cera in the tropics. 

In their early stages the Skippers — so far as at present known 
— depart considerably from the majority of ])utterflies, inasmuch 
as they possess in both the larval and pupal instars habits of con- 
cealment and retirement. The caterpillars have the body nearly 
bare, thicker in the middle, the head free, and more or less 
notched above. They make much greater use of silk than other 
butterfly-larvae do, and draw together leaves to form caves for 
concealment, and even make webs and galleries. Thus the habits 
are almost those of the Tortricid moths. Pupation takes place 
under similar conditions ; and it is interesting to find that Chap- 
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man considers that the pupa in several points of structure re- 
sembles that of the small moths. Not only does the larva draw 
together leaves or stalks to make a shelter for tlie pupa, but it 
frequently also forms a rudimentary cocoon. Tliese arrangements 
are, however, very variable, and the accounts that have been 
given indicate that even the same species may exhibit some 
amount of variation in its pupation. Scuddcn* considers that, in 
the North American Skippers, the cremaster is attached to a single 
Y-like thi’eaiL In otlier cases there is a silk pad on tin*, leaf fov 
the cremaster to hook on. An interesting account given by Mr. 
Dudgeon of the pupation of a common Indian Skipper, Badamia 
exclamationis, shows that this Insect exercises considerable in- 


Fifl. 1S.5. -Piipaiioii of 
/Un/tnii ia ejxlamatiou is, 
(After Dudgeon. ./. 
Itumfsiy StH\ X. 189r/. 
p. 144). A, One. huUi 
of tlio loaf-cnidlo. t)u* 
other (ue&rust to tlm 
ohNcrver) hidng broken 
away ; B, traiiHverBc sec- 
tion of entire cradle, o. 
The pupa ; A, fastenings 
of pcrpendiciiliir threinls 
round pupa ; e, cross 
thread rataining the leaf 
in cradle form ; r/, mar- 
gins of the leaf ; e, mid- 
rib of leaf. 

genuity in the structure of the puparium, and also that tlic 
arraiigemeiits it adopts facilitate one of the acta of pupation most 
diflicult for such pupae as susjiend themselves, viz. the hooking the 
cremasters on to the pad above them. Badamia uses a rolled-up 
leaf (Fig. 185); the edges of the leaf are fastened together by 
silk at d ; from this spot there descends a thread which, when 
it reaches the pupa, a, forks so as to form an inverted Y, and is 
fastened to the lefif on either side ; the two sidi3S of the leiif are kept 
together liy a cross thread, cc. Mr. Dudgeon Wiis fortunate enough 
to observe the act of pupation, and saw that " filthough the anal 
prolegs of the larva were attached to a tuft or pad of silk in the 
usual way, and remained so until nearly the whole skin had been 
shuffled off, yet when the last segment had to be taken out, the 
pupa drew it entirely away from the skin and lifted it over the 




366 


LEPIDOPTERA 


CHAP. 


empty skin, and by a series of contortions similar to those made 
by an Insect in depositing an egg, it soon re-attached its anal 
segment or cremaster to the web, throwing away the cast-oflf skin 
by wriggling its body about.” 

Series IL Heterocera. Moths. 

Although Bhopaloeera — if exclusion be made of the Hes- 
periidae — is probably a natural group, yet this is not the case 
with Heterocera. The only definition that aiii be given of 
Heterocera is the practical one that all Lepidoptera that are not 
butterflies are Heterocera. Numerous divisions of the Heterocera 
have been long current, but their limits have become more and 
more uncertain, so that at the present time no divisions of gi'eater 
value than the family command a recognition at all general This 
is not really a matter of reproach, for it arises from the desire to 
recognise only groups that are capable of satisfactory definition. 

Several attempts have recently been made to form a rough 
forecast of the future classification of moths. Professor Comstock, 
struck by some peculiarities presented by the Hepialidae, Microp- 
tcrygidiie (and Eriocephalidae), recently proposed to separate them 
from all other Lepidoptera as a sub-order Jugatae. Comstock’s 
discrimination in making this sepanition met with general ap- 
proval The character on which the group Jiigatae is based is, 
however, comparatively trivial, and its possession is not suffi- 
cient, as pointed out by Packard,^ to justify the close association 
of Hepialidae and Micropterygidae, which, in certain important 
respects, are the most dissimilar of moths. The characters 
possessed by the two families in common may be summarised by 
saying that the wings and wing-bearing segments remain in a 
low stage of development. In nearly all other characters the 
two families are widely different. Piickard has therefore, while 
accepting Comstock’s separation of the families in question, 
proposed a different combination. He considers that Eriocepha- 
lidae should be separated from all others as “ Protolepidoptera ” 
or " Lepidoptera Laciniata,” while the whole of the other Lepi- 
doptera, comprised under the term ** Lepidoptera Haustellata,” 
are divided into Pakeolepidoptera (consisting only of Microp- 
terygidae) and Neolepidoptera, comprising all Lepidoptera (in- 
^ Jfm. Ae, Washingtont vii. 1896, p. 57. 
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elusive of Hepialidac) except the Eriocephalidae and MicKopterj’- 
gidae. The question is rendered moi*e diifieult by tlie very eh»se 
relations that exist between Micropterygidae and a sub-Ovder, 
Trichoptera, of Neuroptera. Dr. Chapman, by a sketcli of the 
classiheatiou of pupae, ^ and Dyar, by one on larval stages,^ have 
made contributions to the subject; but the knowledge of early 
stages and metamorphosis is so very imperfect that the last two 
memoirs can be considered only as preliminary sketches ; as indeed 
seem to have been, the wishes of the authors themselves. 

Simultaneously with the works above alluded to, Mr. Mey- 
rick lias given ^ a new classification of the Order. We allude, 
in other pages, to various points in Mr. Meyrick’s classifica- 
tion, which is made to appear more revolutionary tlian it really 
is, in consequence of the radical changes in nomenclature com- 
bined with it. 

. As regards the various aggregates of families that are widely 
known in literature by the names Bombyces, Sphinges, Noctuae, 
Ceometres, By rales, we need only remark that they are still 
regarded as to some extent natural. Their various limits being 
tlie subject of discussion and at present undecided, the groups 
are made to appear more uncertain than is really the case. The 
group that has to suffer the greatest changes is the old Bom- 
byces. This series comprises the great majority of tliose moths 
that have diurnal habits. In it there were also included several 
groups of moths the larvae of which feed in trunks of trees or 
in the stems of plants, such as Cossidae, that will doubtless prove 
to have but little connection with the forms with which they were 
formerly associated. These groups with al)errant habits are those 
that give rise to tlie greatest difficulties of the taxonomist. 

The following key to the families of Heteroccra is taken from 
Sir G. F. Hampson's recent work. Fauna of British India — Moths.* 
It includes nearly all the families at present recognised among 
the larger Lepidoptera ; certain families ® not mentioned in this 
key are alluded to in our subsequent remarks on the families : — 

> Tr. etU. 3)e. London^ 189S, p. 97, with Suppl. op. cil. 1896, pp. 129 and 567. 

^ A^ner. Xatural. xxix. 1895, p.T066. See also Ann. X. York Ac. viii. 1895, 
p. 194, and Eccordt 1897, pp. 186 and 196. 

3 Handbook 0 / EritM Lepidoptera, 1895. 

* liOiidon, 1892. Published under the authority of the Secretary of State for 
India in Council. 

9 Those niuiibered 2, 8, 10, 17, 22, 27, 44, and 46 in our arrangement. 



368 


LEPIDOPTERA 


CHAP' 


Key to the Families of Moths * 

N.B . — TkU table ia not simply dichotomic ; three contrasted categories are used 
in the case of the primary divi-sions^ A, Ji, (5, and the secondary diviskmsy 

I, II, 111. 

A. Fore wing with nervulc 5 coiiihig 11*0111 the niiddle of the discocelliilars,. 
or nearer 6 tliaii 4 (Categuriea I, 11, 111= 1-18). 

I. Frenulum rudimentary . . Fam. 38. Epicopeiidae, see p. 418' 

II. Fienulum absent (Categories 1-8). 

1. Prolxiscis jinnMUit, legs w'itli spurs (Oat 2-5). 

2. lliiid wing with nervulc 8 remote from 7 (Cat 3 and 4). 

3. Foro wing with nervulc 6 and 7 stalked 

Fam. 39. Uianiidae, sec p. 419, 

4. Fore wing with nervules 6 and 7 not stalked 

Fam. 5. Ceratocampidae, sec p. 375, 

5. Hind wing with nervulc 8 nearly touching 7 Ixsyond end of cell 

Fam. 4. Brahmaeidae, sec p. 374, 

6. Probosi'Js alisent, legs without spill's (Cat 7 and 8). 

7. Hind w'ing with one internal nei'vure 

Fam. 3. Batumiidae, sec p. 372, 

8. Hind wing with two or three internal nervurcs 

Fain. 6. Bombycidae, sec p. 375, 

111. Fitmulum present (Cat 9-18). 

9. Antennae fusiform [spindle-sliApcd] Fam. 9. Sphingidae, sec p. 380, 

10. Antennae not fusiform (Cat 11-18). 

1 1. Proboscis alisent . . Fam. 7. Bupterotidae, sec p. 376, 

12. Proln^scis present (Cat 13-18). 

13. Hind wing with nervulc 8 curved and almost touch- 
ing 7 after end of cell ; iiervure la miching anal angle 

Fam. 1 2. Cymatophoridae, see p. 386. 

14. Hind wing with nervulc 8 remote from 7 after end of 

cell (Cat 15-18). 

15. Tarsi as short as tibia, hairy; stoutly built moths 

Fam. 11. Notodontidae,^ see p. 383, 

16. Tai-si long and naked ; slightly built moths (Cat. 

17 and 18) 

17. Fore wing with nervulc 7 remote fi*om 8, and 
generally stalked with 6 

Fam. 40. Epiplemidae, see p. 420, 

18. Fore wing with nervulc 7 given olf from 8 ; hind 
wing with ncrvui'c la short or absent 

Fam. 36. Geometridae, see p. 411, 

’ For explanatory diagram of the wings, see Fig. 161, 1. When ^le nervuration 
is obscured by the wing-scales, it may be rendered temporarily visible by the appli- 
cation, with a caniers-hair brush, of a little benzine. The wings may bo per- 
manently denuded of their scales by being placed for a short time in £au do Javelle 
(hypochlorite of potash). 

* The genus Cyphanta (one species from India) has nervule 5 of the fore wing 
proceeding from the lower angle of the cell. 
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B. Fore wing with nervule 5 coming from lower angle of cell or nearer 4 
than 6 [see figures 161 and 162, p|). 3l8, 31S>] (Categories 19-58). 

19. Hind wing with more than 8 nervi^les (C.*at 20, 21). 

20. Proboscis absent, no mandibles nor ligula ; size not very small 

Fain. 23. Hepialidae, see p. 396. 

21. Mandibles, long palpi and ligula present ; size very small 

Fam. 47. Microiiterygldae, see p. 436. 

22. Hind wing with not more than 8 iicrvules (Cat 23-68). 

23. Hind wing with nervule 8 remote from 7 after origin of 
nervules 6 and 7 (Cat 24-51). 

24. Frenulum absent (Cat 25-29). 

25. Hind wing with one internal nervui-e; nervul^ 8 with 
a precostal spur, Fam. 31. Pterothysailidae^ see p. 406. 

26. Hind wing with two internal nervures (Cat 27 and 28). 

27. Hind wing with a bar between nervules 7 and 8 

near the base ; nerviire la directed to middle of inner 
margin t'am. 30. Endromidaa, see ]>. 406. 

28. Hind wing vrith no bar between nervules 7 and 8 ; 
iicrvui'e la directed to anal angle 

Fam. 29. Laslocampidae, see p. 405. 

29. Hind wing with three iiitenial nervures 

Fam. 21. Arbelidao, M*e 396. 

30. Frenulum present (Cat 31-51). 

31. Hind wing with nervule 8 aborted, 

. Fam. 16. Spitomidae, see p. 388. 

32. Hind wing udth nervule 8 present (Cat 33-51). 

33. Antennae knobbed Fam. 1. Oastnildae, see p. 371. 

34. Antennae fiUfonn, or (rarely) dilated a little towards 

the tip (Cat 35-51). 

35. Fore wing with nervure Ic present (Cat 36-43). 

36. Hind wing with nervule 8 free from the 
base or connecteii with 7 by a bar (Cat 
37-42). 

37. Proboscis present 

Fam. 16. Zygaenidae, see p. 390. 

38. Proboscis absent (Cat 39-42). 

39. Pialpi rarely absent ; $ winged ; 

larvae wood-borers 

Fam. 20. OoBSidae, see p. 395. 

40. Palpi alisent ; 9 apterous (Cat 41, 

42). 

41. $ rarely with legs; 9 and 
larvae case-dwellers 

* Fam. 19. PByellidae,secp. 392. 

42. 9 larvae free ^ 

Fam. 18.Het6rogyiiida9,Beep.392. 

^ This is a mistake of Sir Ctoorge Hampson’s. It has long been known that the 
female of Hettrogynit does not leave the cocoon (for references see p. 392) *; the 
larvae, however, do not live in cases, as those of Psychidae do. 

VOL. VI 2B , 
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43. Hind wing with nervule 8 anastomoBing 
shortly with 7 

Fam. 26. Limacodidae, see. p. 401. 

44. Fort) wing with nervure Ic absent (Cat 45-.51}. 

45. Hind wing witli nerviile 8 rising out of 7 

Fam. 34. Arctiidae, see p. 408. 

46. H ind wing with nervule 8 connected with 7 ‘ 

by a bar, or touching •it near middle of 
cell (Cat 47, 48). 

47. Palpi with the third joint naked and 
reaching far above vertex of head ; 

• proboscis present 

FanL 33. Hypsidae, see p. 408. 

48. Palpi not reaching above vertex of 
head ; proboscis ab^nt or very minute 

Fam. 32. Lymantriidae, see p. 406. 

49. Hind wing with nervule 8 anastomosing 
shortly with 7 near the base ; proboscis 
well developed (Cat 60, 61). 

60. Antennae moi^e or less thick towards tip 
Fam. 35. Agaristidae, see x>. 410. 

51. Antennae filiform 

Fam. 37. Noctnidaa, sec p. 414. 

52. Hind wing with nervule 8 curved and nearly or quite 
touching nervule 7, op anastomosing with it after origin of 
nervulcs 6 and 7 (Cat 53-58). 

53. Hind wing with nervure Ic absent (Cat 54-67). 

54. Hind wing with neiwule 8 with a precostal spur 

Fam. 24. Oallidulidae, see p. 400. 
6,5. Hind wing with nervule 8 with no precostal spur 
(Cat 66, 57). 

56. Hind wdng with nervure la absent or very short 
Fam. 25. Drepanidae, see p. 400. 
67. Hind wing with nervure la almost or quite 
rt^acliing iuial angle 

Fam. 28. Thyrididae, sec p. 404. 

58. Hind wing with nervui’e Ic present 

Fain. 41. Pyralidae, see p. 420. 
C. Foil) wing with 4 nervules arising from the cell at almost even dis- 
tances apart (Cat 59-66). 

59. Wings not divided into plumes (Cat 60-63). 

60. Hind wing with neiwiile 8 coincident with 7 

Fam. 13. SoBiidae, see p. 386. 

61. Hind wing with nervule 8 free (Cat 62, B3). 

62. Fore wing with nervure lb simple or wdth a very 
minute fork at base 

Fam. 14. Tinaegoriidae, see p. 387. 

63. Fore wing writh nervure la forming a large fork 

with lb at base Fain. 45. Tineidae, see p. 428. 
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64. Wings clividtHl into plumes (Cat 65, 66). 

65. Fore wing divided into at nidst two, hind wing into three 

pinnies . Fain. 42. Ptmidioridae, see p. 426. 

66. Fore wing and hind wing ^ach divid(*d into three plnnu^s 

Fain. 43. Alucitidae ( == Omeodidae), see p. 426. 


Fam. 1. Castniidae. — The Insects of this family combine to a 
large extent the characters of butterjlics and moths. The antennae 
are knobbed or hooked at the tip, there is a large precostal area, to 
the hind wing. The nerrnles of the front wing are comjdex and 
amtstomose so as to form one or more accessory cells (Fig. 1 G2), This 
imiKirtaiit, Imt not extensive, family consists ehieHy of forms found 
in tropical America and Australia. The diversity of size, form and 
appearance is very great, and it is proliahle that the members of the 
family will he separated ; indeed, taxonomists are by no means 
in agreement as to tlie limits of the family. Tlie ('astniidue 
are diurnal Insects, and the North American genus Megathymus 

is liy many con- 
sidereil to belong 
to tlie Rhopalo- 
cera. J^nsch cm on 
raj/tesiac (Fig. 186) 
is extremely like a 
large Skipx>er witli 
long antennae, but 
has a well-marked 
frenulum. The 
members of the 
Australian genus 
Synemon are much smaller, but they also look like Skippers. 
Their habits are very like those of the Hesjieriidae ; they 
Hit about in the hot sunshine, and when scuttling after their 
brief flights, the fore wings are sjiread out at right angles to 
the body, so as to display the more gaily coloured hind 
wings; at night, or in cloudy weather, the Insect rests on 
blades of ^rass with the wings erect, meeting vertically over 
the back, like a butterfly. Hecatesia, another Australian genus, 
is now usually assigned to Agaristidae ; its niemljers look like 
moths. The male of H. fenestrata is jirovided with a sound- 
producing organ similar to that of the Agaristid genus Aegocera. 

The Castnia of South America are many of them like 



Fiu. 186 . — Etutchemon mjflesiae. Australia. (After 
Doubleday.) 
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Nymphalid butterflies, but exhibit great diversity, and resemble 
butterflies of several different divisions of the family.^ 

The species are apparently great lovers of heat and can 
tolerate a very dry atmosphere.^ The transformations of very 
few have been observed ; so far as is known the larvae feed in 
stems ; and somewhat resemble those of Goat-moths or Leopard- 
moths (Cossidae) ; the caterpillar of C, therapon lives in the stems 
of Brazilian orchids, and as a consequence has been brought to 
Europe, and the moth there disclosed. Tlie pupae are in general 
structure of the incomplete character, and have transverse rows 
of spines, as is the case with other moths of different families, 
but having larvae with similar habits.^ Castnia eudesmia forms 
a large cocoon of fragments of vegetable matter knitted together 
with silk. These Insects are rare in collections ; they do not ever 
appear in numbers, and are generally very difficult to capture. 

FaAL 2. Neocastniidae. — The Oriental genus Tascina, 
formerly placed in Gastniidac has recently been separated by 
Sir G. Hampson and associated with Neocastnia nieevillei, from 
East India, to form this family. These Insects have the appear- 
ance of Nymphalid butterflies. They differ from Castniidae by 
the want of a proboscis. 

Fam. 3. Saturniidae. — ^This is a large and varied assemblage 
of moths ; the larvae construct cocoons ; the products of several 
species being used as silk. These moths have no frenulum and 
no proboscis. The hind wings have a very large shoulder, so 
that the anterior margin or costa stretches far forward beneath 
the front wing, as it does in butterflies. The antennae of ■ the 
males are strongly bipectinated and frequently attain a magnifi- 
cent development. The family includes ^me of the largest 
and most remarkable forms of the Insect-world. Coscinocera 
hercules, inhabiting North Australia, is a huge moth which,, 
with its expanded wings and the long tails thereof, covers a 
space of about 70 square inches. One of the striking features 
of the family is the occurrence in numerous forms of remarkal^e- 
transparent spaces on the wings ; these window -^like areas 
usually occur in the middle of the wing and form a most remark- 
able contrast to the rest of the surface, which is very densely* 

1 See Westwood, Tr. Linn. Soe. London (2), i. 1877, p. 165, etc. 

* For habits of some Brazilian Castnia see Seitz, Ent. ZeU, Stettin^ li. 1890, p. 268.. 

* For pupa see Chapman, Roe. vi. 1895, pp. 286, 288. ^ 
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scaled. In Attmm these attain a large size. In other species, 
such as the South African Liulia delegorguci, there is a small 
letter-like, or syinboliform, transpanjnt mark towards the tip of 
each front wing. We heave at present no clue to the nature 
or importance of these remarkable markings. In the genus 
Automeris, and in other forms, instead of transparent spaces 
thei^ are large and staring ocellate marks or eyes, which are 
concealed when the Insect is reposing. In Arceiim, Copioptergx, 
Xudaemonia and otliers, the hind wings are prolonged into very 
long tails, perhaps exceeding in length those of any other moths. 




Fig. 187. -Larva of AttacM atlas, India. A, at end of lat instar, profile ; B, 4th 
instar, dorsal view ; G, full-grown larva, in repose. (After Poigade.) 


The cocoons are exceedingly various, ranging from a slight 
open network to a didnse elaborate structure arranged as in our 
Emperor moth ; in this latter case an opening is left by the 
larva for its exit after it has become a moth, but by an ingenious, 
chevaux-de-frise work, this opening is closed against external 
enemies, though the structure offers no resistance at all to the 
escape of the moth. Fabre has recorded some observations and 
experiment? which seem to show that the instinct predominating 
over the formation of the cocoon is not cognoscent. The Insect, 
if interfered with, displays a profound stupidity. Ite method is 
blind perseverance in the customary.^ The cocoon of Saturniidae 
is more often continuous, ix. entirely closed. ‘ Packard says that 
^ Souvenirs entamologiques, quatri^e 8«rie, 1891, pp. 39-40. 
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Actios luna effects its escape hj cutting tlirough the sti'ong 
cocoon with ail instrument situate at tlie base of the front wing. 
Other species were examined and were found to possess the in- 
strument; but Packard is convinced that the majority of the 
species possessing tlie instrument do not use it, but escape by 
emitting a fluid that softens the cocoon and enables the moth 
to push itself through.^ The cocoons of the species of Ccra'ixcliia 
have a beautiful appearance, like masses of filagree-work in silver. 
The pupa in CerancMa is very peculiar, being terminated by a 
long, spine-like process. In Loepa neAmra the cocoon is of a 
green colour and suspended by a stalk ; looking like the pod, or 
pitcher, of a plant. The silk of the Saturniidae is usually coarse, 
and is known as Tusser or Tussore silk. 

The larvae of this family are as remarkable as the images, being 
furnished with spine-liearing tubercles or warts, or long fleshy 
processes ; the coloui's are frequently beautiful. The caterpillar of 
AttasuH atlas (Fig. 187) is pale olive-green and lavender, and has a 
peculiar, conspicuous, red mark on each flank close to the clasper. 

About seventy genera and several hundred species are already 
known of this interesting family. They are widely distributed 
on the globe, though there are but few in Australia. Our 
only British species, the Emi)eror moth, Saturnia pavonia, is 
by no mesins rare, and its larva is a beautiful object; bright 
green with conspicuous tubercles of a rosy, or yellow, colour. It 
affects an unusual variety of food-plants, sloe and heather being 
favourites ; the writer has found it at Wickeu flourishing on the 
leaves of the yellow water-lily. Although the Emperor moth is 
one of the krgest of our native Lepidopterous Insects, it is one 
of the smallest of the Saturniidae. 

The family Hemileucidae of Packard is included at present in 
Saturniidae. 

Fam. 4. Brahmaeidae. — The species forming the genus 
Brahmaca have been placed in various families, and are 
now treated by Hampson as a family apart, distinguished 
from Saturniidae by the presence of a proboscis.* They are 
magnificent, large liioths, of sombre colours, but with complex 
patterns on the wings, looking as if intended as designs for 

* Avmt, NaJtural, :<ii. 1878, p. 379. 

* Cotes, '*Wild Silk Insects of India,'* ind. Mus, Notes, i\. Eo. 2, 1891, 
16 plates. 
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upholstery. About fifteen species are recognised ; the geo- 
graphical distribution is I'eniarkahle ; consisting of a coin])aratively 
narrow belt extending across the Old' World from Japan to West 
Africa, including Asia Minor and the shores of the Caspian Sea. 
Little has been recorded as to the life-histories of these Insects. 
The larva is said to have the second and third segments swollen 
and armed with a pair of lateral spines projecting forwards. A 
cocoon is not formed. 

Fam. 6. Oeratocampidae. — This is a small family. They lire 
fine moths peculiar to the New World, and kiiown principally by 
scattered notices in the works of North American entomologists. 
Seven genera and about sixty s^iecies are known. The chief 
genus is Citheronia, Some of the larvae ai*e remarkable, being 
armed with large and complex spines. A cocoon is not formed. 

Fam. 6. Bombycidae. — In entomological literature this 
name has a very uncertain meaning, as it has been applied to 
diverse groups ; even at present the name is frecpiently used for 
the Lasiocampidae. We apply it to the inconsiderable family 
of true silkworm moths. Tliey are comp»iratively small and 
uninteresting Insects in both the larval and imagiual instars; 
but the cocoons formed by the well-known silkworm are of great 
value, and some other species form similar structures that are of 
more or less value for commercial purposi‘8. The silkworm has 
been domesticated for an enormous period, and is consequently 
now very widely spread over the earth’s surface ; opinions differ 
as to its real home, some thinking it came originally from 
Northern China, while others believe Bengal to have been its 
native habitat. The silkworm is properly called Bomhjoi wwi, 
but perhaps it is as often styled SeiHcaria mori. Besides being 
of so great a value in commerce, this Insect has become an 
important object of investigation as to anatomy, physiology and 
development. Its domestication has probably been accompanied 
by a certain amount of change in habits and instincts, the 
creature having apparently lost its appreciation of freedom and 
itb powe^ of flight; it is also said to be helpless in certain 
respects when placed on trees in the larval state ; but the import- 
ance of these points has been perhaps somewhat exaggerated.^ 

Although the family Bombycidae is very widely distributed 
in the warmer regions of the world, it includes only 15 or 20 

» See on this subject Peres, Act. Soc. Bordeaux, xlvii. 1894, p. 236, etc. 
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genera, and none of them have many species. The Mnstiliidaer , 
of some entomologists are included here. like the Satumiidae, 
the Bombycidae are destitute of proboscis and of frenulum to the 
wings, but they possess two or three internal nervures on the 
hind wing instead of the single one existing in Satumiidae. 

Fam. 7. Enpterotidae (Striphnopterygidae of Aurivillius). — 
This family has only recently been separated from Lasiocampidae ; 
its members, however, possess a frenulum ; while none is present 
in the larger family mentioned. Its limits are still uncertain, 
but it includes several extremely interesting forms. The larvae 
of the European processionary moth, Cmthoc(m,pajproce»sionea, are 
social in habits ; they sometimes occur in very large numbers, and 
march in columns of peculiar form, eacii band being headed by a 
leader in front, and the column gradually becoming broader. It 
is thought that the leader spins a thread as he goes on, and that 
the lateral leaders of the succeeding files fasten the threads they 
spin to that of the first individual, and in this way all are 
brought into unison. The hairs of these caterpillars are abun- 
dant, and produce great indtatioii to the skin and mucous mem- 
brane of any one unlucky enough to come into too close contact 
with the creatures. This property is, however, not confined to the 
hairs of the processionary moths, but is shared to a greater or 
less extent by the hairs of various other caterpillars of this 
division of Lepidoptera. In some cases the irritation is believed 
to be due to the form of the hair or spine, which may be barbed 
or otherwise peculiar in form. It is also thought that in some 
cases a poisonous li(j[uid is contained in the spine. 

The larvae of other forms have the habit of .forming dense 
webs, more or less 1)aglike, for common habitation by a great 
number of caterpillars, and they afterwards spin their cocoons 
inside these receptacles. This has been ascertained to occur in 
the case of several species of the genus Aim'pht, as has been 
described and illustrated by Dr. Fischer,^ liord Walsingham,^ and 
Dr. Holland.^ The structures are said to be conspicuous objects 
on trees in some parts of Africa. The common dwelling of this 
kind formed by the caterpillars of J^psoidea radama in Madagascar, 
is said to be several feet in length ; but the structures of most 
of the other species are of much smaller size. 

^ Berlin, enl, ZeiUehr, xzvii. 1883, p. 9. 

* Tr. Unn, Soe. ser. 2, ii. 1885, p. 421. & Psyche, vi. 1898, p. 886. , 
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The larvae of the South American genus Paln^ra, though 
hairy like other Eupterotid caterpillara, are ai^uatic in their 
habits, and swim by coiling thems^ves and making movements 
of extension; the hair on the back is in the form of dense 
brushes, but at the sides of the body it is longer and more 
remote ; when the creatures come to the surface — which is but 
rarely— the dorsal brushes are quite dry, while the lateral Iiaii’s 
are wet. The stigmata are extremely small, and the mode of 
respiration is not fully known. It was noticed that when 
taken out of the water, and walking in the open air, these 
caterpillars have but little power of maintaining their 
equilibriuiiL They pupate beneath the water in a singular 
manner : a first one having formed its cfjcoon, others come suc- 
cessively and add theirs to it so as to form a mass.^ Another 
species of. J^almtra, I\ hurme-isteriy Berg,^ is also believed to 
breathe by means of air entangled in its long clothing; it 
comes to the surface occasionally, to renew the supply ; the 
hairs of the shorter brushes are each swollen at the extremity, 
but whether this may be in connexion with respiration is not 
known. This species pupates out • of the water, between the 
leaves of plants. 

lyirphia tarquinia is remarkable on account of the great 
difference of colour and appearance in the two sexes. In the 
Australian genus Maraiis the abdomen is densely tufted at the 
extremity with hair of a different colour. 

Fam. 8. Ferophoridae. — The inoths of the genus Perophora 
have for long been an enigma to systematists, and have been 
placed as abnormal members of Psychidae or of Drepanidae, 
but Packard now treats them as a distinct family. The larvae 
display 110 signs of any social instincts, but, on the contrary, each 
one forms a little dwelling for itself. Some twenty species of 
Pefrophom are now known; they inhabit a large part of the 
New World, extending from Minnesota to Buenos Aires. . The 
habits of jP. Tmlsheimeri have been described by Harris, 
Packard ® a^d Newman, and those of P. hatesi by Newman.^ The 
l^larva is very peculiar ; there is a flexible pair of appendages on the 

* Bar and Laboulb^ne, Ann, Soc, ent. France^ (v.) iii. 1873, p. 300. 

^ Op eU, (5), Yii. 1877, p. 181 ; and Ent. ZHL Stetiin, xxxix. 1878, p. 221 ; and 
xliv. 1888, p. 402. 

* Ann, Ntw York Ae. viii. 1803, p. 48. 

* Tr. ent. Soe. London^ n.s. iii. 1854, p. 1. 
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head, the use of which is unknown ; ' they arise by slender stalks 
behind and above the eyes, are about as long as the head, and 
are easily broken off. After hatching, the young larva, wlien it 
begins to feed, fastens two leaves together with silk threads, and 
so feeds after the fashion of a Tortricid, rather than a case-making, 
larva. Subsequently, however, the caterpillar entirely detaches 
two pieces of leaves and fastens them together at the edges, thus 
constructing a case that it lives in, and carries about; it can 
readily leave the case and afterwards return to it. When at 
rest, the larva relieves itself from the effort of supporting this 
case by the device of fastening it to a leaf with a few silken 
threads ; when the creature wished to start again, " it came out 
and bit off these threads close to the case.” Subsequently , it 
changes inside the case to a pupa armed with transverse rows of 
teeth, like so many other pupae that are capable of .a certain 
amount of movement. The larva is of broad, short, peculiar 
form, and is said to be very bold in defending itself when at- 
tacked. The moth is somewhat like the silkworm moth, though 
of a more tawny colour. Newman does not allude to any 
cephalic appendages as existing in the larva of P. latent. 
If we accept the eggs figured and described by Snellen,^ as those 
of P, hatesi, it is possible that this Insect possesses a peculiar 
mode of oviposition, tiie eggs being placed one. on the other, so 
as to form an outstanding string ; but we think this exaini>le 
probably abnormal ; the mode is not shared by P. mehheimiri. 
The genus Lacosoma is considered by Packard to be an ally of 
Perophora, The ciiterpillar of Z. chiHdota doubles a leaf at the 
mid-rib and fastens the two edges together, thus forming an un- 
symmetrical case. Many larvae of Microlepidoptera do something 
like this, but the Lcicosoma cuts off the habitation thus formed and 
carries it about. Packard says it may have descended from 
ancestors with ordinary habits and that certain peculiar obsolete 
markings on the bcKly of the caterijillar may be indications of this.® 
The Argentinian Insect Maviillo curtiaea^ is also probably an ally 

^ Dyar saya, “ We may surmise that it is to present a terrifying*appearance to- 
ward small enemies.” He calls the Insect both Perophora and CVeiantts, 
merif and states that it belongs [according to the larva] to Tineidae ; the^ppendages 
he considers to be enomonsly developed setae. J, iV. Vork ent. Soe, iv. 1896, p. 92. 

* Tijdiehr. Ent. xxxviii. 1895, p. 56, PL 4. 

* Ann. New York Ae, viii. 1898, p. 48. 

^ Weyenbergh, Tijdaehr, Ent. xvii. 1874, p. 220, PI. xiii. 
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of LiMOsoma, The caterpillar of this moth spins a dwelling 
for itself, and is remarkable from the bright colour of the 
thoracic segments, the following soihites being colourless; the 
head bears a pair of large processes, quite different from 
those figured by Han-is. The moth itself is very Geometrid- 
like in colour and form. This si)ecies is now assigned to Pe?/*o- 



phora, but it seems to be very doubtful whether many of the 
species placed in this genus really belong to it. The diversity 
of habits and instincts evinced by these moths of exceptional 
modes of life, but considered to be closely allied, is very interest- 
ing. The most remarkable of all is the Hammock-moth, Pero- 
phora sanguinolewta, of the centre of South America, the larva of 
which constructs its poi1;able habitations out of its own excre- 
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ment, which is of peculiar form, specially suitable for the 
purpose. The caterpillar, when wishing to enlarge its case, builds 
it up from excrement " flattened at the sides, so as to adapt it 
for building purposes.” ^ 

Fam. 9. Sphingidae {Hawk-mothB). — A very important 
family of moths of large or moderate size. They have a pro- 
boscis which is frequently very long ; there is a frenulum ; the 
body is stouter than in most other Lepidoptera, and the wings 
are of small superficies in comparison with it ; the antennae are 
somewhat peculiar, having a thick, solid appearance, pointed at 
fthe tip. This is usually somewhat hooked, and bears a few haira 
111 the males the antennae are formed in a manner specially 
(characteristic of the family. In section, each joint shows a 
chitinous process on the under side (Fig. 189, A), forming with 
that of the other joints a continuous ridge, and on each 

Fig. 189. — Antennae 
of Sphingidae. A, 

One joint of an- 
tenna of Choero- 
campa dpenor g, 
enlarged ; B, three 
joints of antenna of 
Sphinx liguatn, 
seen from one side, 
and enlarged. 

side of this ridge there exists a series of short, delicate “ cilia ” 
arranged in a very beautiful manner (Fig. 189, B). This structure, 
with some modifications, appears to be usually present in the 
family; it attains a very perfect development in cases where 
the tips of two rows of cilia bend towards one another, meeting 
so as to form an arched cavity. This structure is different from 
what occurs in the males of other families of Lepidoptera, for 
though cilia are very common, they are usually placed either on 
two projections from the body of the antennae (instead of on the 
two sides of a single projection), or there is but a single whorl,^ or 
set, of them on each joint {Catocala, etc.). The front wings are 
usually pointed at the tip, and are long in proportidU to their 
width ; but in the Smerinthini they are of different form, with 
the outer margin scalloped; the hind wings are remarkably 
small ; the abdomen is frequently pointed, but in the Macro- 
glossini, or Humming-bird hawk-moths, it is furnished at the 
^ Jones, P,' Liwpkol Soe. xzxiil. 1870, p. Izxvii. 
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tip with a tuft, or with two tufts, of dense, long scales, capable 
of expansion. 

The larvae are remarkable for tli^r colours and form. The ' 
anterior segments are attenuated, but are capable of great I'etrac- 
tion, so that in repose (Fig. 190, A) this shape is coiicealtnl by 
the curious attitudes that are assumed. Thci'e is in nearly 
all cases a conspicuous horn on the eleventh segment, and the body 
at the extremity behind the horn is so much iiuKlificd that the 
terminal two segments look like little more than a pair of large 
claspers. In the ‘ Choerocampini, the thorawic segments are 
retractile, and can be withdrawn into the more or less inflated 
fourth segment, and give the creature somewhat the appearance 


I. 190. — Liirva of 
tho Poplar Hawk- 
moth, AuMrinihv* 
popuH, X 1. jL 
ill repose ; B, in 
movement. 


of a miniature hooded snake. The larvae of Sphingidae do not 
bear any conspicuous haire— except during tho first instar. They 
do not spin cocoons, but bury themselves in the earth. The 
pupa is remarkable ftom the deep cleft that exists to admit air 
to the first spiracle, and for a deep depression on each side of the 
anterior part of abdominal segments 5-7 ; in some cases the 
proboscis projects on the breast somewhat like the handle ct a 
pitcher. 

A great deal has been written on the colours, markings, and 
attitudes of Sphingid larvae, and many interesting fiicts have 
been brought to light. We may refer the reader to the writings 
of Weismann* and Poulton,* without, however, r^mmending 
him to place an implicit confidence in their somewhat 
metaphysical disquisitions'; for the views there shadowed will 

‘ 8l«die$ <» (he Thwm (^Daeent, port 2, London, 1881. 

* 2V. ent, Soe. Londvn, 1886 and 1886. 
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necessarily became much modified with the advance of exact 
knowledge. It is certain that the position assumed by the same 
individual varies much according to age, and to the interval 
since the last moult ; sometimes the attitude is much more remark- 
able than that shown in Figiure 190, A, for the anterior seg- 
ments are held erect, as well as contracted, the front *part 
of the body being curled, and the Insect supported by the 
claspers and two pairs only of the alKlominal feet. There is, 
too, a considerable difference in colour before and after an 
ecdysis. Piepers, who has had a long experience among Sphingid 
larvae in Java, considers that much of what has been written as 
to the protective value of their colours and attitudes, is mere 
fancy, and wild generalisation.^ 

Sphingidae have been recorded as capable of producing sounds 
in the larval and pupal, as well as in the perfect, instars ; but 
the method in which this is done has not been ascertained, 
except in the case of the imago of the Death’s-head moth, 
which is well known to emit a very audible cry when not on the 
wing ; in this case it is highly probable that the method is the 
friction of the palpi against the proboscis, as stated by Reauniur 
and Landois ; the inner face of the palp is said to be marked in 
this case with fine ridges or striae. 

Fam. 10. Oocytiidae. — A single genus constitutes this family, 
and there are only three or four species known ; they come from 



Fio. dureilUu New Guinea. (After Boisdnval.) 


the region of New Guinea, whence the first was brought by. 
D’Urville nearly a hundred years ago. They are still amongst 
* Tijdsehr. EiU. xl. 1897, pp. 27-103, 4 iilatesi 
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the rarest of Insects. Nothing is known as to their life-histories. 
In appearance they somewhat remind us of the Bee-hawk moths and 
Zygaenidae. Butler says ' the family is characterised by the pilpi, 
which differ much in the two sexes, and by the antennae resem- 
bling those of Castniidae or Hesperiidae. The form, transparency, 
and ’coloration of the wings reminds one vividly of the Sphingid 
genus Hemaris ; the nervunition is somewhat like that of Hemaris, 
but has certain features of Zygaenidae. Butler places the family 
between Agaristidae and Zygaenidae. 

Fam. 11. Notodontidae {PrormintnU, Pim-imths, etc.). — This 
is one of the most extensive of the families of Bombyces ; it con- 
sists in larger part of obscure-coloured moths, somewhat like the 
ordinary Noctuidae of temperate regions; to which family the Noto- 
donts are indeed considered to bt^ very closely allied. The family 
contains, however, some very remarkable forms. 7\trsolejnH has 
an elongate body, 
terminated (in the 
female of T, ful- 
(furifera) bya very 
conspicuous tuft 
of enormously 
long, battledore 
scales ; while in 
the male of 2\ 
sommeri the hind 
legs are provided 
with an append- 
age of beautiful, 
roseate hairs. A 
few of the larger 

kinds bear a con- 192 .— Cenim vinula (Pnsa-moth) caterpillar. A, Moult- 

siderable resem- Ing ; B, the same iadividual a few hours after the moult. 

blance in form and 

proportions to the Sphingidae. Some of the larvae are most inter- 
esting objgcts ; the Puss-moth caterpillar, the Lobster, and the 
Dragon larvae are of such strange forms that they have already 
interested several generations of observfjrs. The Puss-moth is 
common in the southern half of England ; its caterpillar (Fig. 192) 
has, instead of the claspers, a pair of tubes in which are concealed 
' Tr, ent, Soe. London^ 1884, p. 351. 
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two ^)ig, flexible- whips, capable of being thrust out, and with- 
drawn, with rapidity. The structure and the mode of action of 
these flagella have been well elucidated by Professor Poulton.^ 
The flagella are to be considered as actual prolongations of the 
receptacle in which each is placed, though they are of very 
different texture therefrom ; they are everted by blood-pressure 
and drawn in by muscular action ; this • latter function is very 
perfectly accomplished, the amount of relaxation and contraction 
of the muscle being very great. It has been maintained that 
the whips have arisen as arms of protection against the attacks 
of Ichneumon flies; observation shows, however, that the pro- 
portion of these “protected” Insects destroyed by enemies of this 
sort is quite as large as it is in the case of for^is that are not so 
protected. The Puss-moth larva is also believed to be protected 
by terrifying attitudes,^ as well as by ejection (like so many other 
larvae and insects generally) of fluid. There is no reason for 
believing that these larvae are less eaten than others, and con- 
sequently a further hypothesis has been proposed, to the effect 
that if they had not acquired these means of defence they would 
have been exterminated altogether. This supposition is con- 
sidered to account for their acquiring the defence by means of 
natural selection ; realising the dictum of D. OThace, Esq. — 

Some flossifers think that a fakkilty’s granted, 

The luinnit it’s proved to be thoroughly wanted. . 

When the Puss-moth caterpillar is full grown it spins a peculiar 
cocoon of a solid and impervious nature, which it manages to make 
look very like the spots, crevices, or other places amongst which 
it is located ; in this prison the creature remains for nine or ten 
months — by far the larger part of its existence. When it has 
changed to a moth it has to escape from the cell in which it so 
effectually confined itself. This is effected by the cocoon being 
thinner in front of the head of the moth, and by the emission 
from the alimentary canal of a fluid that softens the cocoon at 
the spot alluded to. Mr. Latter has ascertained * thqt this fluid 
is strongly alkaline, and contains potassium hydroxide. The 
front of the head of the moth is provided with a shield, consist- 
ing of a portion of the pupa shell, which enables the moth to 

* Tr. tvU, Soe. London, 1887, p. 297, PI. x. 

^ * J9ee Poulton, Tr. ent. Soe. London, 1886, etc. > Op. eit. 1896, p. 899. 
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push through in safety, and at the same time protects the head 
from the emitted fluid. Figura 192 shows the gi-eat change that 
occurs in the period of a few hours lA the size of the head of the 
larva, as well as in that of the spiracles : in A tlie old spiracles 
are seen surrounded by the much larger new orifices, which are 
at the moment of moulting ipiite visible through the skin that is 
about to be cast off. 

The caterpillar of the Lobster-moth, Stauropus fnffi, is more 
remarkable than that of the Puss-moth, but is unfortunately 
very rare. It has remarkably long thoracic legs, the abdomen is 
swollen at the tip, and instead of the terminal claspers has two 
long slender ])rocesses. The effect of these pccruliarities is greatly 
enlianced by the extraordinary attitude assumed by tlui cater- 
pillar,’ whicli holds the first five segments crc;ct, with the second 
and third piirs of thoracic legs outstretched ; the swollen terniinal 
segment is also held erect. Hermann Muller states ' that when 
seen from the front this caterpillar looks like a spider, and also 
that when alarmed it moves the long legs after tlie fashion of 
an Aniclinid. He l)Glioves that it is thus effectually protected 
from the attacks of Ichneumons. Birchall says * that the young 
larva, when at rest, closely resembles, in colour and outline, 
one of the twigs of beech with unopened buds, on which it 
frequently stations itself; and that, when feeding, its likeness 
to a great earwig or to a StaphyliTms is very striking. ' Others 
Siiy that this caterpillar resembles a dead and crumpled l>eech 
leaf. 

The larva of Ilyhocampa milhauseri — the Dragon of old Sepp 
— is highly remarkable. When young it has grand lateral 
horns in front, and a dorsal row; as it grows the lateral 
horns disappear. Dr. Chapman says^ that he could not under- 
stand at first why any larva should have such remarkable angular 
outlines, curiously conspicuous corners and humps. But he after- 
wards found that the creature exactly resembled a curled oak 
leaf, eaten and abandoned by a Tortrix larva. This caterpillar 
al^^ri constrvets an elaborate cocoon from which the moth escajies 
by an operation performed by the pupa, which is provided with 
two haid spines, called by Dr. Chapman sardine-openers. “ By 
a lateral rotatory movement of the pupa, which obtains its fulcrum 

1 P. eiU, Soe, London^ 1880, p. iii. * Ent. M&nJthly Mag, xiii. 1877, p. 281. 

* Ewtomologistt xxiii. 1890, p. 92. 
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from the tightness with which it is grasped by the cocoon, it 
traverses over and over again ” the same part of the cocoon till 
It is cut through ; at the same time the spines act as guides to' 
a fluid which is emitted so as to soften the part that has to be 
sundered. 

Though many other larvae of Notodontidae are of most 
ourious form and assume remarkable attitudes, yet this is not 
the case with aU, and some are quite ordinary and like the cater- 
pillars of common Noetuidac. This is the case with the species 
Bhegmatophila alpina we have selected to illustrate the nieta- 
'morphosis of the Order (Fig. 157). Those who wish to form an 
idea of the variety of larval forms in this family will do well 
to refer to Packard’s beautiful volume on the North American 
forms.' The family has a very wide distribution, but is absent 
from New Zealand and Polynesia, and appears to be but poorly 
represented in Australia. In Britain we have about two dozen 
species. 

Fam. 12. Oymatophoridae. — ^A small family of nocturnal 
moths that connect the Bombyces with the Noctuids ; they are 
usually associated with the latter, but are widely separated in 
Hampson’s arrangement because of a slight diiference of nervura- 
tion, nervule 6 being nearer to 6 than to 4, whereas in Noctuidao 
the reverse is the case. The Insects, however, in certain respects 
approach the Notodontidae, and are of interest if only as showing 
that the linear sequences we adopt in books are n^essarily con- 
ventional, and to some extent deceptive. We have three genera 
in Britain ; our pretty Peach-blossom, Thyatira hatis, and the very 
different Buff-arches, T. denmiy being among them. Meyrick 
denies any connexion of this group with Noctuidae, and in his 
nomenclature CymatopJiora becomes Polyploca, and the family, 
consequently, Polyplocidae. 

Fam. 18. Sesiidae or Aegeriidae {Clear-wiTigs), — A family 
of comparatively small extent ; its members have frequently one 
or both pairs of wings in large part free from scales, the tip of 
the body tufted, the hind legs of one sex peculiar. 3?he size is 
usually small, but in the. largest forms the measurement may be 
but little less than two inches across the - expanded wings. 
The pupa is of the kind class^ as " incompletae ” by Chapman, 
the appendages not beinjg flrmly glued to the body, and much 
^ Mem. Ae. Woehinffiont vii. 1895, 290 pp., 49 plates. 
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itiobility existing ; an “ eye-collar ” is present, and the segments 
of the abdomen are armed with series of teeth. The larva 
is a concealed feeder, nearly naked and colourless, but with 
the legs iionnal in number — three tl^racic, four abdominal pairs 
of feet, and the terminal claspem; these are sometimes but 
poorly developed ; the larvae have a greater or less reHemblance 
to those of Longicorii beetles, the habits of which they share. The 
family was formerly associated with the Sphingidae, with which 
it has no time relationship; it is more closely allied to the 
Tineidae. Some of the species have a certain n^stmihhince to 
Hymenoptera, which is probably in most, if ni»t in all cases 
merely incidental. The proper position of the family was pointed 
out by Butler,^ but he did not distinguish it from Tinaegeriidae. 
Meyrick calls the family Aegeriadae, and places it in his series 
Tineina. 

We have two genera of these Clear-wings in Britain. 
They Trochilium (called variously Sesia, S2yhec.ia, and 

with two species of com]mratively large size, and Ses:ia 
(called variously TroeliiUuvi and 
Aegeria), with nearly a dozen species 
of smaller size. A third genus, 

Sciapteron, is doubtfully native with 
UR. They are much prized by col- 
lectors on account of the rarity of 
the Insects and their great differ- 
ence in appearance from our other 
native Lepidoptera. 

Fam. 14. Tinaegeriidae. — This 
is one of the least known of the 
families of Lepidoptera, and has only 
recently been distinguished from 
Sesiidae. It is entirely exotic, and 
our knowledge of it is principally 
due to Lord Walsingham.^ Nothing 
is known as to the life-histories, except that it has been stated 
by Staintoii that a larva feeds in webs on shoots of a shrub of 
the genus Clerodendron. The family is widely distributed, but 
its metropolis will probably prove to be the tropics of Africa. It 
is of considerable interest as showing that the Sesiidae really 
^ Tr, enl. Soe, Londm^ 1878, p. 121, PL v. * Op* eil. 1889, pp. 1-40, 6 pUtei. 



Fig. 198 . — OtdmxUnpoda pHneeps, 
Africa. (After Walsinghani.) 
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belong to the Tineid series of moths. The species we figure (Fig. 
193) has a character otherwise peculiar to Sesiidae in the wings 
being inserted on the thorax remote from the head — a feature we 
do not find in the Tiiieidae proper; while on the other hand it 
has the long wing-fringes, and the shape of the wings that are 
characteristic of Tineidae. It is worth mentioning that though 
these Insects arc of excessive rarity and very peculiar, there exists 
in the Solomon Islands ^ a species distinct from, though at first 
sight excessively similar to, the S. African one we figure. 

Fam. 15. Ssmtomidae. — This family has usually been asso- 
ciated with the Zygaenidae. It includes a large number of 
moths iiaving, as a rule, in external appearance little to distin- 
guisli them from the fainily named. Many of them are of gaudy 
colours, and probably of diurnal, but somewhat sedentary, habits. 
The wings are less ample than usual, the hind pair frequently 
very small, so that the Insects have somewhat the proportions of 
Hymenoptcra. In some aise^ the resemblance is made more 
remarkable by the fact that the wings are transparent and bare 
of scales, or have scales only at the margins, so as to be like the 
wings of Hymenoptcra. JTot less remarkable is the fact that 
these Insects use the body itself for the purposes of adornment 
or display ; thus adopting a system prevalent in the Hymenop- 
tera, rather than that of their own Order, where the rule is that 
the xvings are more ornamented than the body. In many 
cases the shape of the body is so very different from the normal 
that the disposition of the organs of life in the interior of the 
body must bo materially affected. In some genera, such as Andre- 
niuwiyha, the form, colour and attitude of the body and some 
of the limbs are plainly similar to Hymenoptcra. These Insects 
have a highly-developed frenulum, retinaculum, and proboscis ; 
bipectinate antennae in the male, a complex organ at the base 
of the abdomen on each side, and are in fact highly-developed 
forms, except perhaps as regards the structures in connexion 
with flight. 

Unfortunately little or nothing is known as to the habits 
and metamorphoses of these extraordinary creatures, but it is no 
doubt to them Seitz referred in saying, “ How far one may be 
deceived by appearances of a mimetic nature can only be com- 
prehended by visiting the tropics; in this part of the world 
^ AValsingham, Op, eU.^ 1889. c. p. 21. 
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[Europe] one is prepared by knowledge gained from books for 
the appearance Sesia presents. Had one no knowledge nl’ this 
sort as to Sesiidae he would actually in tlie field [in llrazil] over- 
look dozens of these little creatures without being aware of liis 
deception. The surprise at finding a cjuite difierent being in the 
net from what one believes he has caught occurs daily in llrazil, 
so rich in Lepidoptera.” ^ The siiinc intelligent obsrirver says “ 
that a species of Mncrociunu Wiis observed by Jiiin to be exactly 
like one of the blue wasps of the genua J^epsis. 

One remarkable point in these Hymenopteroid Syntennids 
is their complete dissimilarity from their immediate allies. 
They I'csemble very different Hymenoptera ; and not only 
stinging Hymenoptera; the Sessiliventres have a large share 
of their attentions ; the numerous sin^cies of Dycladia ))artakii% 
the appearance of the South American Sawflies in a wonderful 
]iianner. Bees, Wasps of the most different kinds, and a variety 
of Sawflies are beautifully parallelcil, if one may use such an 
tixpression, by these Syntomids. That shown in Eig. 1?)4 has the 
abdomen formed like that of a Petiolate Hymenoptcron ; the 
base of this i^irt, moreover, lesembles in a remarkable manner 
the “ median segment ” of that Order. The constriction is, how- 
ever, placed not at the bise of the abdomen but beyond the second 
segment. Thus the structure is not morphologiailly similar to 
that of the Hymenoptera, for the median segment of Aculeate 
}Iyinenoptera consists of only one abdominal segment, while in 
this moth the corresxxmding jmrt is formed of two M^gnients. 
Though aimtomic^dly inexact, the resemblaiice is, as to x>rox>or- 
tions, correct ; and those who delight in the use of the imagination 
will sec that had the moth used only one segment for the imita- 
tion, the result would have been less successful owing to insufficient 
size. In his very interesting account of some Brazilian Syu- 
tomids,^ Seitz describes a species of Trichura xii'ovided with a 
long appendage that is held straight backwards during life ; and 
he informs us that this creature resembles a female Ichneumon, 
the long process looking like the elongate ovijiositor of the 
Hymenopteron. Possibly the species from Demerara we figure 
may resemble an Ichneumon we are not acquainted with, though 
its colour and form rather suggest a likeness to an Aculeate. 

> EiU. ZeU. SUUin, Ivi. 1895, p. 233. Op. eU. li. 1890, p. 261. 

* Ent. ZeU. Smin, U., 1890, p. 263. 
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This case of resemblance is of the most noteworthy character, 
for an appendage of this kind in a Lepidopterous Insect is 
without parallel, and is almost equivalent to the production of 
a new structure. An interesting feature of the case is that 
Ichneumonidae do not sting, and there is no evident reason why 
the enemies of the moth should be particularly afraid of an 
ovipositor. 

The larvae appear to be in form somewhat like those of 
Zygaenidae ; but with the same sort of remarkable clothing, in 
the form of tufts and brushes, that we find in Lymantriidae. A 



FiOi 194. — Trichum^ dp. x f. Demerara. 


cocoon is formed. In Britain no member of this family is to 
be met with, but Nadia atusUla may formerly have a 
native ; Syntomia phegea has occurred here ; probably an escaped 
example that liad been introduced in one of its earlier stages. 

Warn. 16. ^gaenidae (Bvrnet-Mths). — This family ig one 
about the limits and characters of which much diffarATiw. of 
opinion prevails. As exemplified by our Burnet-moths it is 
characterise(l (iu addition to the points given in the table) by 
the peculiar, flexible antennae; these are a little t.hicW before 
the' tip, but are curved and pointed at the extremity, bnd without 
pectinations in the male. There is an Hl nTi gitt*i proboscis; 
bladder-like organs at the sides of the first abdominal i»AgmAn'<; 
are not present. The pupa is softer than is usual in the.Macro- 
lepidoptera, and the parts are less firmly fixed together, so that 
unusual mobility exists; six of the intersegmental membranes. 
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are free, and the abdomen has much power of movement ; there 
is no eye-collar; the antennae, hind le^, and proboscis -tips 
stretch backwanls as far as the fifth or sixth abdominal seg- 
ment, the tips being quite free; on the domil plates of the 
abdomen there are rows of minute elevations reminding one of 
the teeth existing in pupie that live in stems or galleries. This 
is altogether a peculiar pupa ; it lives closely enclosed in a small 
hard cocoon, and its great capacity for movement is perhaps con- 
nected with the fact that the pupa itself manages to force its 
way through the cocoon in anticipation of the emergence of the 
moth. This cocoon is fastened tightly to a stem, ami is covered 
witli a substance that gives it a glazed appearance. Tlie larvae 
are objects of a baggy nature, with inferior colomtion, consisting 
of large dark blotches on a light ground, and without any 
remarkable development of their somewliat feeble system of 
hairs. Numerous small moths from the tropics are assigned 
to the family; they are most of tliem conspicuously marked 
and coloured, and like our Burnets are prolmbly diunml. 

The family Chalcosiiilae is reduced by llampson to the 
position of a sub-family of Zygaenidae. It consists of a large 
variety of diurnal moths of varied and brilliant colours, with an 
expanse of wing large in 
comparison with the typi- 
cal Zygaenae, and with 
the antennae pectinate or 
fiabellate to the tip. Some 
of these Insects (which are 
as conspicuous as possible 

in appearance, at any rate 195.— ptdehmimZ^ on 
in a cabinet, the Kast right Mide detaulied and denuded to show 
Indian Cadphiaat moorei (After Swiuhoe.) 

g.//.) are considered to be destitute of any special " protection.”^ 
Ifistia is a genus of remarkable cruciform moths, of a mixture 
of black and metallic colours, with carmine - tinted bodies. 
Jfanrpsonm ptdchei'rima (East India) is a curious moth of butter- 
fly form and coloration, red and black with yellow patches, and 
with some of the nervules distorted, as if they had been forced 
apart in certain spots in order to accommodate these patches. 

Two or three hundred species of Glialcosiidae are recorded. 
They are specially characteristic of the Indo-Malayaa region. 
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Fam. 17. Himantopteridae (Thymaridae of some autho- 
rities) are placed by Ilampson in the sub-family Fhaudinae of 
Zygaenidae characterised by the absence of the mouth-parts. 
The Himantopteridae are small moths, and have the scales on 
the wings very imperfect and hair -like ; the hind wings form 
long slender tails, so that the Insects scarcely look like moths. 
They are peculiar to India and Africa. In the South African 
genus IHanmra (belonging really to Fhaudinae) also the wings 
are scaleless and nearly transparent. 

Fam. 18. Heterog3midae. — Consists of the single genus 
Ileterogynis which has hitherto been found only in the south of 
Europe. This is an important form connecting Zygaenidae and 
Fsychidac. The larvae resemble those of Zygaena, and construct 
an oval cocoon for their metamorphosis. The male issues as a 
small moth of smoky colour, the scales being but imperfect; 
the female chrysalis shows no trace of any appendages, and the 
imago is practically a maggot, and never leaves the cocoon ; in it 
she deposits her eggs, and the young larvae hatch there.^ 

Fam. 19. Paychidae. — Small, or moderate-sized moths, with 
imperfect scales, and little or no colour beyond certain shades of 
duskiness ; the sexes very different, the female being wingless and 
sometimes quite maggot-like; the male often with remarkable, 
bipectinate anteiiiiae, tlie branches sometimes very long and 
flexible. Laiwa inhabiting a case that it carries about. Tliis 
family consists of Insects unattractive in appearance but present- 
ing some points of great interest. It is frequently stated that 
the Fsychidae are destitute of scales, but Heylaerts states ^ that, 
in addition to hairs, scales of a more or less imperfect formation 
are present in all, but that they are, like those of some Sphingidae 
(^Macroglosm), very easily detached. There is much difference in 
the females, some having well-developed legs, while others are 
not only apterous, but are bare and destitute of appendages 
like a maggot, while in certain cases (Fig. 196, G), the head 
is reduced in size and is of peculiar form so as to make the 
Insect look really like the laiwa of one of the parasitip Diptera. 
These females never leave their cases, but deposit their eggs 

' For details as to habits, etc., see Rambur, Aim, Soc. ent, France, v. 1886, 
p. 577 ; and Graslin, op, eU, xix. 1850, p. 396. 

* Monograph of European Fsychidae, Ann. Soe. ent. Belgique, xxv. 1881, 
p. 29, etc. 
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therein, and inside, also, their former pupa-skin ; and here the 
young hatch ; the peculiar little larvae are very numerous, and it is 
suggested that tliey make a first meal on the body of their parent, 
but this we l)eliove has not been satisfactorily ascertained. 
Great <lifferenccs as to the condition of the legs, antennae, etc., 
are said to exist in species of the same genus. Tliere is also a 
remarkable diversity in tlie pupae of the females ; the male sex 
being normal in this respect. Some of the female pu])ae are 
destitute of wing-sheaths and all other appendages, while otliers 
{ire said to possess them, though there are no wings at jill in 
the imago {Fumea^ e.g.)} Grcmt dilficulties attend tlie study of 
these case-bearing Insects, and sevenil points require (*areful 



Fig. 196. — Metamorphosis of Monda rhdbdophortu Ceylon. A, Tjnrva in case, iiat. 
size ; B, larva itself, magnified ; G, case of female during pupation ; D, esise of male 
during pupation ; Et female pufia, magnitied ; F, male moth, nat. size ; O, female 
moth, magnified. (From unpublished drawings by Mr. £. £. Green). 

reconsideration, amongst them the one we have just mentioned. 
The males fly rapidly in a wild manner, and may sometimes 
be met with in swarms ; their lives are believed to Ixi very brief, 
rarely exceeding a couple of days, and sometimes being limited 
to a few houra 

The larvae are called basket-worms, and their baskets or 
cases are well worthy of attention. Their variety is remark- 
able ; the most extraordinary are some of the. genus Apte'rona 
Pig. 197,. B, which perfectly resemble the shells of Molluscs 
such as snails; indeed, the specimens in the collection at 
the British Museum were sent there as shells. This case is not, 
like those of other Psychidae, constructed of earth or vegetable 
matter, but is of silk and is in texture and appearance exactly 
> Heylaerts, op. oU. p. 55. ' 
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like the surface of a shell. Psyche hdix is, according to 
Ingenitzky,^ found in great numbers near Lake Issyk-kul in 

Central Asia, where the 
larvae feed, in their snail- 
shell-like cases, on a grass, 
just like snails. Only 
females could, be reared 
from these larvae. The 
case of Chalia kochingii 
(Fig. 197, C) consists of 
little pieces of wood cut 
to the proper lengths, and 
spirally arranged, so as to 
fonn a construction that 
would be quite a credit to 
our own species. In some 
of the Canephorinae wo 
meet with long cylindrical cases, like those of Caddis-worms, or 
of Tincid larvae. 

Biley has given an account of several points in the struc- 
ture and natural history of one of the North American basket- 
or bag-worms, Thyridopteryx ephemeraeformie ; one of his points 
being the Tnanner in which the newly hatched larva forms its 
case.*-* Tliis question has also .been discussed by Packard.® The 
larvae when hatched in unnatural conditions will make use of 
fragments of paper, cork, etc., for the case ; the act of construc- 
tion takes one or two hours, and the larva does hot eat "till the 
case is completed. It walks in a peculiar manner, the legs of 
the thinl pair being moved forwards together, as if they were 
the prongs of a fork. 

This family is already one of considerable extent, but its 
study, as already remarked, is but little advanced. Some 
naturalists are inclinecl to place it among the Tineidae, but it 
is .connected with Zygaenidae by means of Heterogynidae. Mr. 
Meyrick divides it, placing Psyche and Sterrhopteryx ,(the forms 
representing, according to his ideas, the family Psychidae in 
Britain) in the series Psychi&a which includes Zygaenidae. He 

^ Zool, Anz. XX. 1897, p. 478. This is probably ^ptewna erenuklla, or one 
of its varieties. * Btdl. U.S, Ikp, Agrie, Ewt, x. 1887, p. 22. 

‘ Awn, New Yerk Ae, yiii. 1808, p. 64. 
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Fio. 197. — Baskets, or coses, of Psychidae. A, 
Amieta qiuuirangiUarie ; B, Apterona (or Ooch~ 
lopfun-a) valvata ; G, Chalia hoekingi. 
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removes the other British genera, Fmimt anil JSpichnopleryjc, to 
Tineidae near Solembia and Taleporia, The group Caiiephorinae, 
to which the two genera in question iDolong, was long since separ- 
ated from Psychidae hy Herrieh-Scluifter, but this course was 
condemned by Heylaerts. Parthenogenesis has been thought by 
some to occur in nuriierous s\)ecies in this family, but Heylaerts 
says tliat it is limited to Apterona crniuleUa var. heliic^ and even 
of this species males are found in ctu'taiu hx'ulities. 

Fam. 20. Gossidae {Goat-Moths, or Carpenter AVorms ), — 
Moths of moderate, or rather large size, without proboscis, fre- 
quently with a dense covering of matted, imperfiHit scales ; the 
pattern being vague. The Larvae bore into trees in which they 
often make large burrows, leaving holes from wliich SJip exudes. 
Our common Goat-moth is a good specimen of this family, which 
is a very widely distributed one. The Australian genus IHUo- 
niacra has very large, pectinated antennae in tlie male. The 
larvae of (Jossidac arc nearly bare of clothing and are unadorned ; 
they form a slight cocoon of silk mixed with gnawed wood. 
The pupa of the Gimt-moth is remarkable for the great dov(dop- 
ment of the rows of teeth on the dorsal as^xx/ts of the segments 
of the abdomen, and for the absence of csonsolidation in this 
part, six of the intersegmentiil incisions being free, and the 
ventral aspect almost membnuious. Veuy little is known as to 
other puiMie of the family. It is believed that the generations 
of these Insects are fewer than usual, the growth of the larva 
occupying a period of tw’O or three yesirs. The laiva of Zevzera 
aescidi forms a temporary cocoon in which it passi^s a winter- 
sleep, before again feeding in the spring.' It is a moot question 
w'hether the Zeuzeridae should be separated from the Cossidae or 
not. The group includes our Wood-leopird moth, which, like 
many other Zeuzerids, is spotted in a very striking but inartistic 
manner. The position the family Cossidae should occupy in an 
arrangement of the licpidoptera is a very difficult (question. Some 
consider the Insects to be allied to Tortricidae. The wing-nervura- 
tion of t^ssus is very peculiar and complex, there being four or 
five cells on the front wing, and three on the hind one. Meyrick 
places Zeuzeridae as a family of his series Psychina, but separ- 
ates Cossidae proper (he calls them.Trypanidae) as a family of 
the series Tortriciiirf. 

^ Kalender, Ent. ZeU, Stettin, xxxv. 1874, p. 203. 
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Fam. 21. Arbelidae. — Closely allied to Cossidae, but with- 
out frenulum, and with less complex wing-nervures. A small 
family believed to be similar to Cossidae in the life-history. 
The tropical African Arbelidae arc, as considered by Karsch, a 
distinct family, Uollandellidae. 

Fam. 22. Chrysopolomidae. — This family has been estab- 
lished by Dr. Aurivillius ^ for an African genus, allied in wing- 
nervuration to Cossidae ; the Insects are like Lasiocampidae. 

Fam. 23. Hepialidae (Ghost- anid Swift-Moths ). — Moths of 
very diverse size, some gigantic ; wings not fitting together well 
at the bases; without a frenulum; no proboscis; the scales 
imperfect ; the nervures complex. The Hepialidae are extremely 
isolated amongst the Lepidoptera ; indeed, they have really no 
allies ; the conclusion that they are connected with the Micro- 
pterygidae being certainly erroneoiis. Although but small in 
numbers — only about 150 species being known — they exhibit a 
remarkable variety in size and colour. Many arc small obscure 
moths, while others are of gigantic size — six or seven inches 
across the wings — and are amongst the most remarkably coloured 
of existing Insects. The great Charagia of Australia, with 
colours of green and rose, bearing white spots, are remarkable. 
The South African Leto venus is of large size, aiid has an 
astonishing supply of glittering metallic splashes on the wings, 
making a barbaric but effective display. The South Australian 
Zdotypia staceyi, of enormous size, is also a handsome moth; 
but the majority of species of the family are adorned only in 
the feeblest manner. 

Very little is known as to the larvae ; they are cither sub- 
terranean, feeding on roots, or they live in the wood of trees and 
shrubs. They are nearly bare, and are apparently the lowest type 
of Bombycid larva. At the same time, it would appear there is 
considerable variety amongst them. Packard says ^ the young 
larva of Hepialus mustelinus has the arrangement of setae that is 
normal in Tineidae. The larva of H. humvli seems to be a very 
simple form, but H. hectus shows a considerable afuount of 
divergence from it. They probably live for several years ; the 
larva of H. argenteo-Tnmvlatus in North America lives for three 
years, at first eating the roots of Alder and then entering the 

> BtU. TidOar. zvi. 1895, p. 118. 

* On larrM of Hepialido., J. New Torkent. See. iii. 1896, p. 69, Plate. III. IV. 
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stems. The pupae are also peculiar. They arc of unusually 
elongate, cylindriwil form, with comparatively feeble integument, 
but with a considerable development of chitiiious, elevated, toothed 
ridges, on the dorsal aspect, and a very strong ridge of this kind 
on the ventral surfsice of 

the seventh segment ; the Jpfi 

wing-sheaths are short; it 

is very dillicult to distinguish fjB 

the full number of abdominal J 

segments. Tliestj pupie are f/M — rW 

remarkably agile, and by n^//| 

wriggling and kicking are 

able to move a considerable 

distance ; it is sjiid that they ,^438 \ 

can force themselves to the 

surface even when the super- A 

licial soil is quite hard. 

We cannot, consider this 
pupa naturally placed 

amongst either the pupae ^ ® \Sr 

obtectae or ilicompletae of — Jhipaot Ifejtviivjttvpith'nm, Britain. 

■*■ A Ventral ; B, dorsal aspect. 

Chapman. 

AVe have already remarked that little is known as to the 
life-liistories. The species are probably prolific, a female of 
if. thule having been known to deposit more than 2000 eggs. 
Of tim Australian forms little more is known ’ than that they live 
in the wood of trees and shrubs, and arc rapidly disappearing ; 
w'e may fear that some are extinct without ever having been 
discovered, and others, also unknown but still existing, may 
disjippenr only too soon ; the wasteful destruction of timber in 
Australia having been deplorable. 

The peculiar habits of the Hepialidae are not likely to bring 
the Insects to the net of the ordinary collector, and we believe 
they never fly to light, hence it is probable that we are 
acquaintec^ with only a small portion of the existing species ; 
their distiibution is very wide, but Australia seems to be their 
metropolis, and in New Zealand twelve species are known. The 
genera as at present accepted are remarkable for their wide 
distribution. Leto ia said to occur in South Africa and in the 
Olliff, Australian Mlg^lidae, Untomologist, xxviii. 1895, p. 114. 
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Fiji Islands; but we must repeat that the study of these 
interesting Insects is in a very primitive state, and our present 
knowledge of their distribution may be somewhat misleading. 

The habits of the European Hepialtis in courtship liave been 
•observed to a considerable extent and are of great interest, an 
astonishing variety and a profound distinction in the methods 
by which the sexes are brought together having been revealed, 

H, humidi, our Ghost -moth, is the most peculiar. Its 
habits were detected by ]])r. Chapman.' The male is an 
Insect of exceptional colour, being white above, in consequence of 
A dense formation of imperfect scales; the female is of the 
brownish tints usual in Swift -moths. In the month of June 
the male selects a spot where he is conspicuous, and hovers 
persistently there for a period of about twenty minutes in the 
twilight ; his colour has a silvery-white, glistening appearance, 
so that the Insect is really conspicuous notwithstanding the 
advanced hour. Females may be detected hovering in a some- 
what similar manner, but are not conspicuous like the male, 
their colour being obscure ; while so hovering they arc oviposit- 
ing/dropping the eggs amongst the grasa Females that have 
not been fertilised move very differently and dash about in 
an erratic manner till they see a male ; they apparently have 
no better means of informing the hovering male of their presence 
than by buzzing near, or colliding with him. Immediately this 
is done, the male abandons his hovering, and coupling occurs. 
There can be little doubt that the coloiu* of the male attracts 
the female; but there is a variety, hethlandica, of the former 
sex coloured much like the female, and in some localities 
varieties of this sort are very prevalent, though in others, the 
species is quite constant. This variation in the colour of the 
males is very great in Shetland,^ some being quite like the 
females. In H, hectvs the two sexes are inconspicuously and 
similarly coloured. The male hovers in the afternoon or evening 
in a protected spot, and wiille doing so diffuses an agreeable 
odour — said by Barrett to be like pine-apple — and t^is brings 
the female to him, much in the same manner as the colour 
of If. humvli brings its female. The hind, legs of the male 

^ Bnt. Mag. idii. 1876, p. 68 ; and xxiii. 1886, p. 164. 

‘ Weir, SnAomologiat, xiii. 1880, p. 249, plate ; King, JEfni^ Seeord, vii. 1895, 
p-lll. 



VI 


HETEROCERA — HEPIALIDAE 


399 


are swollen, being filled with glands for secreting the 
odorous matter.^ This structure has led to the suggestion of 
the generic name Phymatop^is for the Insect. Turning to 
other species of the genus, we Htid tliat the noriiml n^la- 
tive^ roles of the sexes are exhibited, but with considerable 
diversity in the species. In H. bqmlimis the males lly about 
with rapidity, while the female sits on a stem and vibrates 
her wings ; she thus attracts the males, but they do not 
perceive her unless happening to come within three or four 
feet, when they become aware of her proximity, search for and 
find her. It is doubtful whether the attraction is in this case 
the result of an odour ; it would appear more prokible that it 
may be sound, or that the vibration of the wings may be felt by 
the male. 

In H. sylvinus, //. velUda and H, pyremieus less abnormal 
modes of attracting the males occur, the individuals of this latter 
sex assembling in great numbi^Ts at a si)ot where there is a female. 
In the first of the three species mentioned the female sits in the 
twilight on the stem of some plant and vibrates the wings with 
rapidity ; she does not tty ; indeed, according to Mr. Eobson, slie 
does not till after fertilisation move from the spot where she 
emerged. In H, pyrermicus the female is (piite apterous, but is 
very attractive to the males, which as we have said, assemble 
in large numbers near her. Thus within the limits of these 
few allied forms we find radically different relations of the 
sexes. 

1. The male attracts the female — (A) by sight (//. humnli) \ 

(B) by odour (if. hectus). 

2. The female attracts the male — (A) by vibration of wings 

(jST. lupvlinus and H, sylvinvs) \ (B) without vibration, 
but by some means acting at a distance {H. velleda, 
H. pyreimicus). 

Little or nothing is known as to tlie habits of the great 
majority of the more remarkable forms of tlie family. The 
gigantic A^istralian forms are believed to be scarcely ever seen on 
the wing. 

The Hepialidae differ from other Lepidoptera by very im- 
' portant anatomical characters. The absence of most of the 

^ Bertkau, SB, Ver. BMntand^ xzxvi. 1879, p. 288 ; and Anh, Naiiwrg, 
xlviii. i. 1882, p. 862. 
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mouth-parts is a character common to them and several other 
divisions of Lepidoptera; but the labial palpi are peculiarly 
formed in this family, being short and the greater portion of 
their length consisting of an undivided base, which probably 
represents some part of the labium that is membranous in 
normal Lepidoptera. The thoracic segments are remarkably 
simple, the three differing less from one another than usual, and 
botli meso- and meta-iiotum being much less infolded and co- 
ordinated. The wings arc remarkable for the similarity of the 
nervuration of the front and hind wings, and by the cell being 
divided by longitudinal nervules so as to form three or four 
cells. On the inner nnirgin of the front wing there is near 
the base an incision marking off a small prominent lobe, the 
jugum of Prof. Comstock. Brandt mentions the following 
anatomical peculiarities,' viz. the anterior part of the alimentary 
canal is comparatively simple ; the respiratory system is in some 
points like that of the larva ; the heart is composed of eight 
chambers ; the appendicular glands of the female genitalia are 
wanting. The testes remain separate organs throughout life. 
The chain of nerve ganglia consists of the supra- and infra- 
oesophageal, three thoracic, and five abdominal, ganglia, while 
other Lepido{>tera have four abdominal. 

Fam. 24. Oallidulidae. — A small family of light -bodied 
diurnal moths having a great resemblance to butterflies. In 
some the frenulum is present in a very rudimentary condition, 
and in others it^s appirently absent. Cleosiris and Fterodecta are 
very like butterflies of the Lycaenid genus Theda, Although 
fifty species and seven or eight genera are known, we are quite 
ignorant of the metamorphoses. Most of the species are found 
in the islands of the Malay Archipelago, but there are a few in 
East India. 

Fam. 26. Drepanidae (or Drepanulidae). {Hook-tips ), — The 
larger moths of this family arc of moderate size; many of 
the species have the apex of the front wing pointed or even 
hooked ; some have very much the appearance of .Geometrid 
moths ; * they resemble very different members of that family. 
Oreta hyalodisca is remarkable on account of the very large, 
transparent patch on each front wing, though the other speciea 
of the genus have nothing of the sort.- In the genus Deroea we 
> Zoa, Aiiz, iii. 1880, p. 186. 
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find Insects with the scales imperfect, they Ijeiiig few and sinall 
and approximating in form to hail's ; in i>. hyalina scales arc 
nearly entirely absent. In other genem, e,(j. Pcridrepana^ Strep- 
topei'as, there is only a very inferiov state of scale -formation. 
The few larvae that are known are ]ieciiliar ; they are nearly 
l)arc'of hair, without the piiir of terminal clasiiers, while the 
body is terminated by a long tubular pi-ucess. 'riiey form a 
slight cocoon among leaves. 

Tlie members of the family were formerly much mi.sunder- 
stood, and were assigned to various ])ositions in tlie Order. 
There are now alNUit *10 genera, and 150 si^ccies known, the 
geographical distribution of the family being very wiile. In 
Britain we have half a dozen species. Cilhr fflutiathi (lictter 
known as G. spinida) is sn-id “to undoubtedly imitate” the 
excrement of birds. No doubt the Insect resembles that sub- 
stance so as to be rea<lily mistaken for it. This Insect lias a 
\Qvy wule distribution in North America, Europe and East 
India, and is said to vary so much in the structure of its organs 
as to justify us in saying that the one si>ecies belongs to two or 
three genera. 

Fam. 26. Limacodidae (or Eucleidae). — These are some- 
what small moths, of stout formation, sometimes very short in 
the body, and with rather small wing - area. The family 
includes however at present many Insects of diverse ap^iearance ; 
there are numerous forms in which 
apple-green is a prominent colour; 
some bear a certain resemblance 
to the Swifts, othei-s to Noctuids ; 
some,/i?os6me« and Staetheri^iifijUve of 
extraordinary sha])es ; certain very 
small forms, Gavara, Ceratonema, 
resemble Tortricids or Tineids; a 

few even remind one of Insects of 199. -Mature larva of 

- , - . testwia, cm twech-leut. Uritaiu. 

other Order's ; so that the group is 

^ a mimetic oijp. Nagoda nigricans (Ceylon) has the male some- 
what like a Psychid, while the female has a different system of 
coloration and wing-fonn. In Scopelodes the jjalpi are in both 
sexes remarkable ; elongated, stiff, directed upwards and brush- 



like at the tip. Altogether tliere are about 100 genera and 
" 400 species known ; the distribution of the family is very wide 
VOL. VI 2d 
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ill botli hemispheres, but these Insects do not occur in insular 
faunas, in Kritain we have two genera, lleteroyenea and Apoda 
(better known as Liumcodes '), each with a single species. 

The early stages of these Insects arc of great interest. The 
eggs, m far as known, are iiecuHar Hat oval scales, of irregular 
outline and transiiarent ; we have figured an example in Vdl. V. 


Fig. 8:3. The eggs of the same moth are said to vary much 
in size, though tlie larvae that emerge from them differ little 

fr<im one another in this respect. The 
latter are peculiar, inasmuch as they 
have no abdominal feet, and the 
thoracic legs are but small ; hence the 
aitertnllai-s move in an imperceptible 
gliding manner that has suggested for 
some of them the name of slug-worms. 
The metamorphoses of a few are 
known. They may be aiTanged in 
two groups ; one in which the larva 
is spinose or armed with a series of 
])rojectionH and appendages persisting 
tliroiighout life ; while in the members 
of the second group the spines have 
only a temixirary existence. At the 
moment the young larva of Apoda 
iestmlo emerges from the egg it 
has no conspicuous spines or processes, 
and is an extremely soft, colourless 
creature/^ but it almost immediately 
displays a remarkable system of com- 
])lex spines. These really exist in the larva when it is 
hatche^l, sud are tlirust out from pits, as explained by 
Dr. Chapman. In the succeeiling stages, the spines become 
modified in form, and the colour of the body and the nature of 



Ficj. 200. -Uirvanr ttmtuflo 

just hatched. A, Dorsal view 
of larva ; B, G, D, n spine in 
ilift'erent st:iti‘s of evagination. 
All iiiagnitictl. (After Chapman.) 


* It is iiiiich to be regretted that, as in so many other Lepidoptera, no satia- 
foetory agreement as to names has been attained ; our Britisll A. teatudo is 
variously styled Livmeotics teatudo (by Chapman and moat naturalists), 
limaeodea (by Meyrick), or Apoda avellana (Kirby, Catalogue of MaUia), The 
family is called either Limacodidae, AiKxiidae, Cochliopodidae, or Heterogeneidae. 

* See Chapman, Tr, aU. Soe, London, 1894, p. 345, Plate VIl., for our British 
species ; for North* American forms, Dyar, Life-hiatortea 0 / the iVete York Slug^eaUr- 
pillars On progress, with numerous plates), J. New Yorkenl, Soe. iii. etc., 1895. 
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the integument are much changed, ro that in tlie adult 
larva (Fig. 199) the spines have subsided into the condition 
of mere prominences, different in colour from the rest of 
the surface. These larvae ap^iear to be destitute of a liead, 
but there really exists a large one which is retracted, excei)t 
<luring feeding, into the body ; the five pairs of abdoiniiial feet of 
the larvae of allied families are* replaced by sucker-like structures 
on the first eight alKlominal segments. The spinneret of the 
mouth is not a pointed tubular organ, but is fish-tailed in sluqie, 
and hence disposes the silky matter, that aids the larva in mov- 
ing on the leaves, in the form of a ribl)on instead of that of a 
thread. It has been stated that these peculiar larvae ** imitate ” 
the coloured galls frequently found on the leaves of trees. The 
North American forms of this family have very varied and most 
extraordinary larvae.^ In the pretty and conspicuous larva of 
EmpreMa stmiulea, tlie tuliercles or piMXXJSses of the body are, in 
tlie later stages, armed with Imirs, that contain a poisonous or 
irritating fiuid, Siiid to bo secreted by glands at the bases of tlie 
processes. These hairs are .readily detached and enter tlie skin 
of persons handling the caterpillaiu The larva of the North 
American Hag-moth, Phobetnm pitheciumf is a curious object, 
bearing long, fleshy appendages covered with down. Hubbard 
makes the following statement as to the instincts of this larva : ^ — 
“ The hag-moth larvae do not seek to hide away their cocoons, 
but attacli them to leaves and twigs fully exposed to view, with, 
however, such artful mana^enieiit as to suiToundings and har- 
monising colours that they are of all the group the most difficult 
to discover. A device to which this Insect frequently resorts 
exhibits the extreme of instinctive sagacity. If the catei*pillar 
cannot find at hand a suitable place in which to weave its 
cocoon, it frequently makes for itself mor^ satisfactory surrouiiil- 
ings by killing the leaves, upon which, after they have become 
dry and brown in colour, it places its cocoon. Several of these 
caterpillars unite together, and selecting a long and vigorous 
immature ejjioot or leader of the orange tree, they kill it by 
cutting into its base until it wilts and bends over. The 
leaves of a young shoot in ** light tan-color, wliich 

^ See Packan], P. Amer. Phil, Soc, xxxi. 1893, pp. 83, 108, Plates. (He uses 
the term Cochliopodidae instead of Limacodidae) ; also Dyar, as above. 

Insects affecting ike Orange^ Washington, 1885, p. 143. 
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harmonises most perfectly with the hairy locks of the caterpillar 
covering the cocoon. The Litter is, consequently, not easily 
detected, even wlieii placed nimi the exposed and upturned 
surface of tlie leaf.” * 

The cocoons of Liimicodidae are unusually elaborate, the 
Lirva forming a perfect lid in order to permit itself to escape 
when a moth. Chapman states %hat the larva lies unchanged 
in the cocoon all winter, moulting to a pujia in tlie spring, and 
that the j)upi escapes from the cocoon previous to the emergence 
of the motli.^ Both Chapman and Packard look on the family 
as really nearer to Microlepidoptera than to Bombyces ; Meyrick 
(calling it Tfeterogeneidae) places it at the end of his series 
I’sychina next Zygaenidae. 

We may allude here to the little moths, described by West- 
wood under the name of JE2npymp8? tliat have the extraordinary 
habit of living on the bodies of live Houiopterous Insects of the 
family Fulgoridjie in India. What their nutriment may be is 
not known. The larva exudes a white floceulent matter, which 
becomes a considerable mass, in the midst of which the (saterpilLir 
changes to a pupa. Westwood pLiced the Insect in Arctiidae ; 
Sir George Hampson suggests it may 1)e a Idnuieodid, and this 
appears probable. 

Fam. 27. Megalopygidae (or Lagoidae). — The American 
genera, Meyalopyge and Lagoa, are treated by Berg and by 
Packard ® as a distinct family intermediate between Satlirniidae 
and Limocodidae. The larva is said by the Litter authority to 
have seven piirs of abdominal feet* instead of live pairs — the 
usual number in Iiei)idoptera. When young the witerpillars of 
Lagoa opemdaris are white and resemble a flock of cotton wool. 
When lull grown the larva presents the singular appearance of 
a L)ck of hair, moving in a gliding, slug-like manner. Under, 
the long silky hair there are short, stiff, jioison- hairs. The 
larva forms a cixsoon, fitted with a hinged trap-door for the 
escape of the future moth. This curious larva is destroyed by 
both Dipterous and Hyiiienopterous parasites. ^ 

Fam. 28. Thyxididae. — A small family of Pyraloid moths, 
exhibiting considerable variety of form and colour, frequently./ 
with hyaline patches on the wings. They are mostly small 

* Tr. €nt. Site, lotidon, 1894, p. 848. ■ Op. cU. 18fo, p. 622 ; and 1877, p. 488* : 

® P. Amer. Phil. Soe. xxxii. 1894, p. 276. 
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Insects, and contain no very striking fornis. Some of them 
look like Geometrids of various groups. The family is widely 
distributed in the tropical zone, ami includes 26 genera, of 
which Rhodoneura, with upwards of 100 species, is the clijef 
one.. The larvae are said to ^be similar to those of Tyralidae. 
This family is considered by Hainpsoii and Meyrick to be 
ancestral to buttei*flies.^ 

Fam. 29. Lasiocampidae {Eggers, Lappet — Usually 
large .Insects densely covered with sc'ales, witliout frenulum, 
but with the costal area of the hind wing largely developed, 
and the male antennae beautifully ]^)ectinute, Disiocampids are 
easily recognised. They are well known in Britsiin, tliough we 
have but few species. The flight of some of the species is 
powerful, but ill-directed, and tlie males especially, dash about 
as if their flight wore quite 
undirected ; as indeed it 
probably is. The differ- 
ence in the flight of the 
two sexes is great in some 
species. In the genus 
.tSua7ia aud its allies we meet 
with moths in which the 
difference in size of the Fio. 2 OI.— Lappet-moth, (Sastwpaxha qntfKi- 
two sez|J8 is extreme; the 

males may be but 1^ inches across the wings, while the very 
heavy females may have three times as great an expand Kirby 
separates these Insects to form the family I’inaridae; it in- 
cludes the Madagascar si'lkwonn, Boroccra madagascariensis. 
The African genus HUhrides is remarkable for the wings being 
destitute of scales, and consequently transparent, and for V)eing of 
very slender form like a butterfly. The eggs of Jjasiocampidae 
are smooth, ii\ certain cases spotted in an irregular iiianney like 
birds’ eggs. Sometimes the parent covers them with hair. 
The larvae are clothed with a soft, woolly hair, as well as with a 
shorter and^tiffer kind, neither beautifully arranged nor highly 
, coloured, and thus differing from the caterpillars of Lyman- 
'triidae; this hair in some cases has very irritating pro- 
perties. Cocoons of a close and compact nature are formed, aiid 
hairs from the body are frequently mixed with the cocoon. In 
^ Revision of the Thyrididae ; Hampsoq, P.^ZooL Soc. London, 1897, p. 603. 
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some species the walls of the cocoons have a firm appear- 
ance, looking very like egg-shell — a fact which is supposed to 
have given rise to the name of Kggers. Trofessors Poulton 
and Meldola have informed us that this api)earance is produced 
by 8]nvnding calcium oxalate on a slight framework of «silk, 
the substance in (question being a product of the Malpighian 
tiibes.^ In various families of T-icpidoptera it happens that 
occasionally the pupa exists longer than usual before the appear- 
ance of the perfect Insect, and in certain menil)ers of this family 
— notoriously in Poecilovnmpa popnli, the December moth— this 
interval may lie prolonged for several years. There is not at 
present any explanation of this fact. It may be of interest to 
mention the following case : — From a liatch of about 100 eggs 
deposited by one moth, in the year 1891 (the Puss-Moth of the 
family Notodontidae), some sixty or seventy cocoons were obtained, 
the feeding up of . all the larvae having been ettected within 
fourteen days of one aiiotlier; fourteen of the Insects emerged 
as moths in 1892 ; about the same number in 189<*1 ; in 1894, 
twenty-five; and in 1895, eleven emerged. Lasiocampidae is a 
largo family, consisting of some 100 genera and 500 or more 
species, and is widely distributed. It is unfortunately styled 
Bombycidao by some naturalists. 

Fam. 30. Endromidae. — The " Kentish glory,” Endromis 
versicolor, forms tliis family ; it is a large and strong moth, and 
flies wildly in the daytime- in birch-woods. The larva has but 
few hairs*, and is said when young to assume a peculiar position, 
similar to that of saw-fly larvae, by bending the head and thorax 
backwards over the rest of tiie body. 

Fam. 31. Pterothysanidae. — Consists of the curious East 
Indian genus Pterothysanu^, in which the inner margins of the 
hind wings are fringed witli long hairs. They are moths of 
slender build, with large wing-expanse, black and white in colour, 
like Geometrids. There is no frenulum. Metamorphoses un- 
known. 

Fam. 32. Ljrmantriidae. — (Better known as* Idparidae). 

These are mostly small or moderate-sized moths, without brilliant 
colours ; white, black, grey and brown being predominant ; with 
highly-developed, pectinated antenmve in the male. The larva 
is very hairy, and usually bears tufts or Brushes of shorter hairs, 

^ P. ««<. Sac. London, 1891, p. xv. 
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together with others inucli longer and softer, these being some- 
times also amalgamated to form pencils ; the coloration of these 
larvae is in many cases very conspicuous, the tufts and pencils 
being of vivid and strongly contrasted colours. Some of these 
hairy larvae are poisonous. A cocoon, in which much hair is 
mixed, is formed. The pupae ani I'emarkable, inasmuch as they 
too are freipiently hairy, a very unusual condition in Lepidoptera. 
The Lymantriidae is one of the largest families of the old group 
Bombyces; it includes some 180 genera and 800 species, and is 
largely represented in Australia. DasyvMra rossii is found in the 
Arctic regions. In Britain we have eight genera lepreseiitcd by 
eleven species; the Gold-tails, Brown-tails and Vapourer-nioths 
being our commonest Bombyces, and the latter being specially fond 
of the London Mpiares and gardens, where its lieautiful larva may 
l>e observed on the leaves of roses. Most of the Lymantriidae are 
nocturnal, but the male Vapourer-moth Hies in the daytime. In 
this family there are various species whose females have the 
wings small aiid untit for flight, the Insects Ijeing very sluggish, 
and their Ixidies very heavy. This is the state of the female of 
the Vapourer-moth. The males in these cases arc generally re- 
markably active, and very rapid on the wing. 

Some of these motlis increase in numbers to an enormous 
extent, and commit great ravages. PaUnra mmmlm — the Nun, 
“ die Nonne ” of the Germans,^ — is one of the princii^il troubles of 
the conservators of forests in Germany, and great sums of money 
are exjiended in combating it ; all sorts of means for repressing 
it, including its infection by fungi, have been ti’ied in vain. The 
caterpillars arc, however, very subject to a fungtud disease, com- 
municated by natural means. It is lx3lieved, too, that its con- 
tinuance in any locality is checked after a time by a change 
in the ratio of the two sexes. It is not a prolific moth, for it 
lays only about 100 eggs, but it has been shown that after 
making allowance for the numerous individuals destroye<l by 
various enemies, the produce of one moth amounts in five genera- 
tions to bi^tweeu four and five million individuals. The larva 
feeds on Coniferae, and 011 many leafy trees and shrubs. Tiie young 

^ This moth is known under several generic names — Pnlura^ Liparis^ 
Lynyrntria: there is iiow^ very extensive literature connected with it. A good 
general account by Wachtl may be found in WUn. ent. Zeit. x. 1891, pp. 149-180, 
2 Plates. 
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larva is provided with two sets of setae, one set consisting of very 
long hairs, the other of setae radiating from warts ; each one of this 
second set of spines has a small bhidder .iii the middle, and it has 
l)een suggested that these assist in the dissemination of the young 
cat€^rpillars hy atmospheric meansJ These aerostatic setae exist 
only in tlie young larva. The markings of the moth are very 
variable ; melanism is very comnion both in the larva and imago ; 
it has been shown conclusively that these variations are not 
connected, as black larvae do not give a larger proportion of black 
moths than light-coloured caterpillars do. In England this * 
moth is never injurious. A closely allied form, Oenma dispar, 
was introduced by an a(x*ident into North America from Europe 
about thirty yeiirs ago ; for twenty years after its introduction it 
did lui harm, and attnicted but little attention ; it has, however, 
now increased so much in certain districts that large sums of 
money have b(?en expended in attempting its extirj)atioii. 

Dasyekim pndihniula has occasionally increased locally to an 
enormous extent, but in the limited forests of Alsace the evil was 
cured by the fact that the caterpillars, having eaten up all the 
foliage, then died of starvation.^ Team melanosticta is said to 
produce columns of processionary cjiterpillars in Australia. 

Fam. 33. Hypsidae (or Aganaidae). — A family of compara- 
tively small extent, confined to the tropical and sub-tropical 
regions of tlu^ Eastern hemisphere. The colours are . frecpiently 
buft* and grey, with white streaks on the onto* parts of the wings. 

We have notliing very like them in the Europojin fauna, our 
species of Spilosoma are perhaps the nearest approach. In 
Eiiploeia the jnale has a pouch that win be unfolde<l in front of 
the costa at the base of the anterior wing ; it is filled with very 
long, peculiar, hair-like scales growing from tlie costal margin ; 
both sexes have on each side of the second alNlominal segment 
a small, projecting structure that may l)e a sense-organ. The 
female is more gaily coloured than the male. 

Fam. 34. Arctiidae.— With the addition recently made to 
it of the formerly separate family Lithosiidae, An^iiidae has. 
become the most extensive family of the old Bombycid series of 
moths, comprising something like 500 genera and 3000 species. 
Hampson recognises four sub-families — Arctiinae, Lithosiinae, 

^ Wabbtl and Koniauth, MitL font, Versuehswesen baterreiefta^ Heft xvi. 1893. 

^ Crahay, Ann, Soc, cut. BeUjique, xxxvii. 1893, p. 282. O i 
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Nolinae, Nycteoliime, — to which may be added others from 
America — Pericopinae, Dipptinae, Ctenuchiiiae; these sub-families 
being treated as families by various authors. The sub-family 
Arctiinae includes our Tiger- and Ermine -moths, and a great 
mapy exotic forms of very diverse colours and patterns; the 
species of this division are, on the whole, probably more variable 
in colour and markings, than in any otiier groiij) of Ijepidoptera. 
There are many crises of great difference of the sexes ; in the 
South American genus Anihryllis the male is remarkable for its 
liyaline wings with a few spots; while the female is densely 
scaled, and very variegate in colour. There are some Ciises (the 
South European genus Ocnogjfmt) where the female is wingless 
and moves but little, while the male flies with great rjipidity. 
Epicausis smithi, from Madagascar, one of the most remarkable 
of moths, is i)laced in this division of Arctiidae ; it is of a tawiiy 
colour, variegate with Idack ; tlie abdomen of this latter colour 
is terminated by a Large tuft of long sairlet hairs ; the Insect 
has somewhat the appearance of a Hummingbird-hawkmoth. 
Evpantlieria is an extensive genus' of tropical American moths 
(having one or two species in North America), of bhtek and 
white or grey colours, with very complex markings ; the male in 
some species has a part of the hind wing produced as a tail, or 
lobe, of a different colour. 

The sub- family Pericopinac are almost peculiar to South 
Americii (two species of Omphada exist in North America); 
some of this sub-family l)ear a great resemblance to Heliconiid 
butterflies. 

The Dioptinae are likewise American moths of diurnal habits, 
and many of them bear a striking resemblance to the Ithomiid 
butterflies they associate with when alive. 

The sub -family Lithosiinae is of great extent; our native 
" Footmen ” give a very good idea of it ; the moths are generally 
of light structure, with long, narroW front wings ; a simple system 
of yellow and black colour is of frequent occurrence. Many of 
this groupifeed in the larval state on lichens. Hampson includes 
in this group the Nyctemeridae — light-lwdied diurnal moths, 
almost exclusively of black and white colours, of Geometrid 
form, frequently treated as a distinct family. 

The sub-family Nelinae is a small group of rather insignifleant 
Insects, in appearance like Pyralids or Geometrids ; four or five 
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species are native in Britain. Packanl inaiiitaius the family 
Kolidac as distinct.^ 

Tlie sub-family Nycteoliiiae consists of a few small moths the 
position of which has always been uncertain; Kycteola (better 
known as Surt'othripus), Ifnlias, anil Earim are all British gei\era 
that have been placed amongst Tortrices, to which they bear a 
consideralde resemblance, ^^arrothripm is at present placed by 
Hampsoii ill Noctuidac, by others in Lithosiidae, by ’Meyrick in 
Aretiidae. The sid)-family forms the family Cymbidae of Kirby;* 
it includes at present only alxuit 70 species, all belonging to the 
Eastern Iieniisphere>. Two types of larvae aie. known in it: one 
bare, living exposed on lejives ; the otlier, Earias, hairy, living 
among rolled-up leaves. JfaUas lyramnana is known from the 
testimony of numerous auditors to pmhice a sound when on the 
wing, but the viodtis opemndi has not l)een satisfactorily ascer- 
tained. Sound-production seems to lie of more fretpicnt occurrence 
in Arctiidai'. than it is in any other family of Lepidoptera; 
EionychopvH nivena produces a sound by, it is lielieved, friction 
of the wings. In the case of the genera Setiva and Chelonia 
the process is said to Ixj j)eculiar to the male sex : Liiboulbene 
believw it to proceed from drum-like vesicles situate one on each 
side of tlio l)ase of the metathimix.* 

Fam. 36. Agaristidae. — An interesting assemblage of moths, 
many ot them diurnal and of vivid colours, others crepuscular. 
There is considerable variety of ap]>e«irance in the family, although 
it is but a small one, and many of its members remind one of 
other and widely separated families of Lepidoptera. The style 
and colour ot the flajianese Eudemia villivoides are remarkably 
like our Arctia vlllica. In some forms the antenmie ai*e some- 
what thickened towaixla the tip and hooked, like those of the 
Skipi)er butterflies. The family consists at present of about 250 
species, but we doubt its l)eing a sufficiently natural one. It is 
verj^ widely distributed, with the exception that it is quite absent 
from Europe and the neighbourhood of the Mediterranean Sea. 
In North America it is well represented. The larvae, so far es 
known, ai-e not very remarkable ; they have some lateral tufts of 
hair, as well as^ longer hairs scattered over the body. 

^ Jfner. Natural, xxix, 1S95, p. SOl^ 

* Catalogue of Lepidoptera Heteroeera, i. 1895. 

• Ann, Soe, ent, France (4), iv. 1864, p. 689. 
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The male of tlie IiicUaii Aegocera tHjiaHita has been noticed 
to produce a clicking sound when Hying, and Sir G. Hainpson has 
shown ^ that there is a peculiar structure on the anterior wing ; 
he considers that this is rubbed against sonio spines on the front 
feet, and that the sound is produced by the friction. Though 
this structui'e is wanting in the acknowledged congenci*s of 
A, tripartita, yet it occurs in a very similar form in the genus 
Ifecatesia, already noticed under Castniidae. 

Fam. 36. Geometridae (Car 2 ^et 8 , Pngs, etr,) — Tliis very 
extensive family consists of fmgile moths, only a small number 
being moderately stout forms ; they have a large wing -area ; 
the antennae are frequently highly developed in the males, 
but oil this point there is much diversity. Either the frenulum 
or the proboscis is absent in a few cases. The caterpillars are 
elongate and slender, with only one pair of abdominal feet — 
placed oil the ninth segment — in addition to the anal pair, or 
clas^iers. They progiiess by moving these two paii-s of feet up to 
tlie thoracic legs, so that the liody is thrown into a large loop, and 
they arc lienee called Ixiojiers or Geometers. The family is uni- 
versally distributed, and occurs even in lomote islands and high 
latitudes ; in Britain we have aljout 270 species. The family was 
formerly coiisulercd to be closely connected with Noctuidae, but at 
Xiresent the opinion that it has more intimate relations with the 
families we have previously considered is prevalent, rackard 
considers it near to Lithosiidae, while Meyrick merely jdaces the 
six families, of which he treats it as coniposeil, in his series Noto- 
dontina. Hampsoii adopts Meyrick’s six families as sub-families, 
but gives them different names, being in this resjiect more con- 
servative than Meyrick, whose recent revision of the European 
forms resulted in drastic changes in nomenclature.'^ This 
classification is based almost exclusively 011 wiiig-nerviiration. 
The number of larval legs and the consequent mode of walking 
is one of the most constant characters of the group ; the few 
exceptions that have been detected are therefore of interest. 
Anisoptepyx aeMuUaria has a pair of undevelo^jed feet on the eighth 
segment, and, according to Meyrick, its allies “ sometimes show 
rudiments of the other two paim” The larva of Himera 

' P, ZooV. Soe. Londoikt '* 892, p. 188. 

‘ Tr, ent, Soe, London, 1892, pp. 53-140 ; for oriticittm on the nomenclature, 
see Rebel, Ent. Zeit. Stettin, liii. 1892, p. 247. 
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pennnria ia aiiid to luive in early life a pair of imperfect feet du 
the eighth segment, which disappear as the larva approaches 
maturity. 

The iwsition of the abdominal feet and claapers throws the 
liokiing i)ower of the larva to the posterior part of the body, 
instead of to the middle, aS in other caterpillars. This, com- 
bined with the elongate form, causes these larvae when reposing 
to assume attitudes* more or less different from those of other 
larvae ; lioldiiig on ])y the claspers, some of these Insects allow all 
the anterior parts of the body to project in a twig-like manner. 
The fnnit ]iarts are not, however, really free in such cases, but 
are suptx)rtGd by a thread of silk extending from the mouth 
to some point near-by. Another plan adopted is to prop the 

front part of the body 
against a twig placed 
at right angles to the 
supporting leaf^ so that 
the caterpillar is in a 
diagonal line between 
the two (Fig. 202). 
Other Geometers assume 
peculiar coiled or spiral 
attitudes during a whole 
or a portion of their 
lives; some doing this 
on a supporting object 
— leaf or. twig — ^while 
others hang > down 
{Ephyra pendularia). 
Certain of the larvae of 
Geometridae vary in 
colour, from shailes of 

brown’ to green ; there 
Flu. 202. -Larva of AmphidoBis Ind-idaria, reposing Hivovjaifv in 

on a roMe-twig. x 1, Oaniliriclge. mucii uiversiiy in 

this variation.** In some 
species it is simple variation ; in others it is dimorphism, 
i.e. the larvae ai-e either , brown or green. In other cases the 
laiwae are at first variable, subsequently dimorphic. In Amphi- 
dasis heMaria it woidd appear that when the larva is hatched 
the dimorphism is potential, and that the future colour, whether 
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green or brown, is settled by some detemiiniiig condition during 
the first period of larval life and daiiuot 1x3 subsequently moditicd.^ 
According to roulton, the dark tiiit is due in A. hetularia to 
colouring matter in the skin or immediately below it, and the 
green tint to a layer of fat between the liypodermis and tlie 
Bu^rficiar muscles ; this layer being always green, but more 
brightly green in the larvae that are of this colour externally. 
Much discussion has occurred about these larval attitudes and 
colours, and it seems probable that Professor Poiilton has over- 
rated the value of protection from birds, iiianinials and ento- 
mologists ; the chief destroying agents being other than these, 
and not liable to be thus deceived, even if the vertebmtes are. 
In some cases such resemblance as undoubtedly exists is not 
made the best use of. The hiiTa shown in figure 202 l»orc 
a wonderful resemblance, when examined, to the rose-twigs it 
lived on, but the effect of this as a concealing agent was entirely 
destroyed by the attitude ; for this, l)eing on different Uiu3s to 
those of the plant, attracted the eye at once. Tliis larva, and we 
may add numerous other larvae, could have been jwrfectly con- 
cealed by adopting a different attitude, but never did so ; thci 
IX)sition represented being constiiutly maintained except while 
feeding. 

In some species of this family the adult females are without 
wings, or have them so small that they can be of no use for 
flight. This curious condition occurs in various and widely- 
separated groups of the Geometridae ; and it would 1x3 natunilly 
supposed to have a great effect on the economy of the species 
exhibiting it, but this is not the case. Some of the flightless 
females affect tlie highest trees and, it is believed, ascend to their 
very summits to oviposit, dt has been suggested that they are 
carried up by the winged males, but this is probaldy only an 
exceptional occurrence ; while, as they are known to 1x3 capible 
of ascending with rapidity by means of crawling and running, 
it may be taken for granted that this is the usual method with 
them. Some of these wingless females have been found in 
numbers on gas-lamps, and are believed to have been attracted 
by the light, as is the case with very many of the winged forms.* 

' See Poulton, TV. tnt, Soe. Lowhn, 1884, p. 61 ; op. cit, 1892, p.- 293 ; and 
Bateson, p. 218 ; Gould, p.* 216. * 

* Giraud, A^in, Soe. eni. Franot (4), y. 1865, p. 105 ; Fauvel, he. Bull. p. ]iiu 
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Neither is the geographical distribution limited by this inferior 
condition of tlie most important of the organs of locomotion, for 
Cheimatohia h^aimta (the Winter-moth) one of the species with 
tIjghtlesH female, is a common and widely distributed Insect in 
Europe and North America. 

Although the classification of this family is based almost 
entirely on wing-nervuration, yet there are some divisions of the 
Geometridae in whicli this character is remarkably variable, 
certain individuals freciucntly exhibiting considerable abnor- 
Jiiality.* AmpUiikisis hetidaria is believed to have changed its 
variation considerably in the course of the last fifty years. Pre- 
vious to that time a black variety of the species was unknown, 
but it has now become common ; and it is believed that other 
species of Geometridae are in process of exhibiting a similar 
phenomenon.'^ 

Fam. 37. Noctuidae {Oiolet-- Moths, Eulen of the Germans). 
— This very extensive assemblage consists of moths rarely seen 
in the day-time, of generally sombre colours, with antennae desti- 
tute of remarkable developments in the male (except in a small 
number of forms) ; proboscis and frenulum both present ; a com- 
plex sense-organ on each side of the body at the junction of the 
metathorax and abdomen. The number of species already known 
win scsimdy be less than 8000 ; owing to their large numbers 
and the great general resemblanci*. of the forms, their classifica- 
tion is a matter of considerable lUfficnlty. Although the peculiar 
structure at the base of the thorax was long since pointed out, 
it has never received any thorough investigation. Few other 
remarkable structures have yet been discovered: the most in- 
teresting is perhaps the iDeculiarity in the hind wings of the 
males of certain Ommatophorinae recently pointed out by Sir 
G. F. Hampson ® : in the genera Patula and Argiva the form of 
the hind wings is normal in the females, but in the male the 
anterior one-half of each of these wings is aborted, and the 
position of the nervures changed; this condition is connected 
with the development of a glandular patch or fold on the wing, 
and is remarkable as profoundly affec'^ting a structure Vhich is 

^ For a table, see Meyrick, Le. 

Barrett, “Increasing Melanism in British Geometridae," KM. Monthly Mag. 
1895, ]». 198. • • 

’ P. ZooL Soc. London, 1892, p. 192. 
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Otherwise so eoustiiiit that the classification of the family is 
largely based on it. 

The larvae are as a rule destitute of the remarkable adorn- 
ments of hairs and armatures of spiiu^ that are so common in 
imiiiy of the families we have previously considered ; they are 
foiiU of concealing themselves during the day and coming out at 
night to feed ; many of them pass most of their time at, or 
beneath, the surface of the ground, finding nourishment in roots 
or the lower parts of the stems of plants ; this is notably the 
case in the genus Agrotisj which is perhaps the most widely 
distributed of all the genera of moths. Such caterpillars are 
known as Cut.-worm8 in North America.' The great resemblance, 
inter se, of certain of these Cut-worms, much astonished the 
American naturalist Harris, who found that larvae almost per- 
fectly similar produced very different moths. The majority of 
Noctuid larvae have the usual number of legs, viz., three pairs 
of thoracic legs, four pairs of abdominal feet and the terminal 
claspers. In some divisions of the family there is a departure 
from this arrangement, and the abdominal feet an^ reduced t<» 
three, or even to two, pairs. One or two larvae are. known — e.g. 
EncHdia mi — in which tlie claspers have not the usual function, 
but are free terminal appendages. When the abdominal legs 
are reduced in number {Plusia, e.g.) tlie larvae are said to bti 
Half-1 oopers, or Semi-loopers, as they assume to some extent the 
peculiar mode of progression of the Geometrid larvae, wliich are 
known as T-ooiiers. In the case of certain larvae, e.g. IVi^diaena, 
that have the normal number of feet, it has been observed tluit 
when first hatched, the one or two anterior pairs of the abdom- 
inal set are ill developed, and the larvae do not use them for 
walking. This is the case 
with the young larva of our 
British Brephos notha (Fig. 

203). Subsequently, how- 
ever, this larva undergoes 

a considerable change, and Fw- ^^^---Brephos n^thn. Larva, newiy 
j* . , « ® , hatched. Britain. 

appears in the form shown 

in Fig. 204. This interesting larva joins together two or three 

^ Although thia term is widely used iu North Aiiieri(‘.a, it is not in use in Eng- 
land, though it may possibly* have originated in Scotland. See Slingerland, BulL 
Cornell UhiveroUy Expj, Slat, 104, 1895, p, 555. 
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leaves of .aspen and lives between them, an unusual habit for 
Noctuid larviie. When about to pupate it bores into Imrk or 
soft wood to change to a pupa, Fig. 205 ; 
the specimen represented closed the hole 
of entry by phicing two separate doors 
of silk across the. burrow, sis. shown at d. 

The anal armature of this pupa is ter- 
minated by a curious transvei'se process. 

'Hie systematic position of this inter- 


Fiu. 206. — Jh^hoa •nnUuu A, 
Pupa, ventral aspect ; B, 
extremity of body, magui- 
tied ; Q, the pupa in wood ; 
diaphragms constructed 
Fio, 204. — itfrpfu)a tuitha. Adult larva. V)y the larva. 

eslitig InHect iu very uucertniu : Meyrick aud others associate it 
with the Geometridae. 

The lai’va of Jjewanin iinipnnetata is the notorious Army- 
worm that commits great ravages ou grass and corn in North 
America. This species sometimes inc-i-eases in numbers to a con- 
siderable extent without being observed, owing to the retiring 
habits of the larvae ; when, however, the incrctisc of numbers 
has been so great tliat food becomes scarce, or for some other 
cause — for the scarcity of food is supiawed not to be the only 
r^son — the larvae become gregarious, and migrate in enormous 
swarms : whence its popular name. The Cotton-worm, Aletia 
xylinae is even more notorious on account of its ravages. Biley 
states * that in bod years the mischief it commits on the cotton 
crop pauses a loss of £6,000,000, and that for a period 
of fourteen successive years the annual loss averaged about 
£3,000,000. This caterpillar strips the cotton plants $f all but 
their branches. ' It is assisted in its work by another highly 
destructive Noctnid caterpillar, the Boll-worm, or larva of 
HdiotMa a/rmigera, which Iwres into the buds and pods. This 
* Fourth Rep. U.S Rut. CommUsion, 1885,^. 8. 
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latter Insect attacks a great variety of plants, and has a very 
wide distribution, being found even in England, where happily 
it is always a rare Insect. 

In Britain, as well as in parts of Northern Europe, a Noctuid 
moth, Chardeas graminis, occasionally increases to an enormous 
extent : its larva is called the Hill-grub and lives on the grass of 
pastures, frequently doing great damage in hill-lands. The in- 
crease of this moth seems to take * place after the manner of an 
epidemic ; a considerable number of years may ptiss during which 
it is scarcely seen, and it will then appear in unusual numbers 
in widely separated loc*alities. This moth lays a Lirge number 
of eggs, and is not completely nocturnal in habits ; sometimes it 
may be seen on the wing in great numbers in the hottest sun- 
shine, and it htus been noticed that there is then a great dispro- 
portion of the sexes, tlu^ females being ten or twenty times as 
numerous as the males. In Australia, the Bugong moth, Agrotis 
spiiia, occurs in millions in certain Icxialities in Victoria : tliis 
moth hibernates as an imago, and it formerly formed, in this 
instar, an important article of food with the aborigines. The 
powers of iucrei^ise of another Noctuid moth — Eradria mtuhi 
— ^are of great value. Its habits have lieeii described by 
Bouzaud.^ On the shores of the Mediterranean the larva of this 
little moth lives on a Scale-Insect — Lecanium oleac — that infests 
the peach ; and as the moth may have as many as five genera- 
tions in a year, it commits laudable havoc with the pest. The 
larva is of remarkable form, very short and convex, with small 
head, and only two pairs of abdominal feet. I'he scale of tlic 
Lecanium is of larger size than is usual in that group of Insects, 
and the young larva of the Erastria buries itself, as soon as 
hatched, in one of the scales ; it destroys successively numerous 
scales, and after having undergone several moults, it finds itself 
provided, for the first time, with a spinneret, when, with the aid 
of its silk, it adds to and adapts a Coccid scale, and thus forms a 
portable liabitation ; this it holds on to by means of the pair of 
anal dsspera, which are of unusual fonii. The case is afterwards 
subjected to further alteration, so that it may serve as a protec- 
tion to the treature when it has changed to a pupa. This moth 
is said to be free from the. attacks of parasites, and if this be the 
case it is probable thaj^ its increase is regulated by the fact that 
. ^ Inseei Life, vi, 1894 p 6. 

^L. VI 2 E 
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wheii the creature becomes numerous it thus reduces the food 
supply, so that its own numbei's are afterwards in consequence 
diminished. 

One of the most remarkable genera of British Noctuidae is 
Aeronycta} the larvae of which exhibit so much diversity that it 
has Ijeeii suggested that the genus should be dismembered and its 
fragments treated as allied to several diifercnt divisions of moths. 
There are many points of interest in connection with the natural 
history of these Acronycta. A. p»i and A. tridens are practically 
indistinguishable as moths, though the larvae are easily separated : 
the former species is said to be destroyed to an amazing extent 
by parasites, yet it remains a common Insect. The genus 
Apatela is very closely allied to Aeronyeta, and Harris says that 
Apatda signifies deceptive, and this name was probably given to 
the genus because the caterpillars appear in the dress of Arctians 
and Lipirians, but produce true owlet-moths or Noctuas.” * The 
species of another British genus, Bryophila, possess the excep- 
tional habit of feeding on lichens. Some of the American group 
Krebides are amongst the largest Insects, measuring seven or 
eight inches across the expmdcd winga 

Tlie Deltoid moths are, frequently treated as a distinct family, 
Deltoidoe, perhaps chiofiy because of their resemblance to Pyra- 
lidue. At present, however, they are considered to be separated 
from Noctuidae by no valid characters. 

Fam. 38 — ^Epicopeiidae. — The genus Epicopeia consists of 
only a few moths, but they are amongst the most extraordinary 
known : at first sight they would be declared without hesitation 
to be large swallow-tail butterflies, and Hampson states that they 
“ mimic ” the Fapilios of the Polyxenus group. Very little is 
known about these extremely rare Insects, but the larva is stated, 
on the authority of Mr. Dudgeon, to surpass the moths themselves 
in extravagance ; to be covered with long processes of snow-white 
efflorescence, like wax, exuded from the ^in, and to “ mimic ” a 
colony of the larva of a Homopterous Insect. Some ten 
species of this genus are known from Java, India^ China, and 
Japan. In this famUy there is said to be a rudimentary frenu- 
lum, but it is doubtful whether the hairs that have given rise to 
this definition really justify it. 

^ See Chapman, Oenw Acronycta and Us^AIUm, London, 1898. 

* Insects Injurious, etc., Ski. 1862, Boston, p. 437. 
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Fam. 89. Uraniidae. — A funiily of small extent, including 
light-bodied moths with ample wings and thread-like antennae ; 
most of them resemble Greometridae, but a few genera, Umniii 
and Nyctalemo% are like Swallow-tail butterflies and have 
similar habits. The Madagascar moth, CJirysiridia madagascar- 
iemis (better known as Urania rhiphevs), is a most elegant and 
beautiful Insect, whose only close allies (except an East African 
congener) are the tropical American species of Urania, which 
were till recently treated as undoubtedly congeneric with the 
Madagascar moth. The family consists of but six genera and 
some sixty species. The question of its affinities has given rise 
to much discussion, bxit on the whole it would appear that these 
Insects are least ill-placed near Noctuidae.^ The larva of the 
South American genus Caro- 
nidia is in general form like 
a Noctuid larva, and has. the 
normal number of legs ; it 
possesses a few peculiar flesliy 
processes on the back. A 
description of the larva of 
Chrysindia madagascariensis 
has been widely spread; but 
according to Gamboue,^ the 

account of the metamorphoses, ^ 

first given by Boisduval, is 
erroneous. The larva, it ap- 
pears, resembles in general 
form 

has sixteen feet; it is, how- 
ever, armed with long, spatu- 
late black hairs ; it changes to 
a pupa in a cocoon of open 
network. 

In all the species of this family we have examined, we have 
noticed th<^ existence of a highly peculiar structure that seems 
hitherto to have escaped observation. On each side of the 
second abdominal segment there is an ear-like opening (usually 



in 

that of Coronidia, and 206 . — AMomen of Chrjtnrulm. maila- 

gasearie/ma. A, Horizontal Hisctiuii show- 
ing the lower ^rt of the male aMomen : 
1, first segment; 2, spiracle of second 
segment ; 4>8, posterior segments. B, 
the abilomen seen firoin the side, with the 
segments numbered. 'J’he section is that 
of ail old, dried specimen. 


' See Westwood, Tr, Zool, Soe, London, x. pp. 507, etc., for discussion of this 
question and for figures ; allb E. Reuter, Aei. Soe. Set. Fenn. xxii. 1896, p. 202. 

* Congr. JnUmiU. Zool. it 1892, pt. 2, p. 180. 
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much concealed by overlapping scales), giving entrance to a 
chamber in the body ; this chamber extends to the middle line, 
being separated from its fellow by only a thin partition. At 
its anterior and latcml part there is a second vesicle -like 
chamber, formed by a delicate membrane that extends as far 
forwards as the base of the abdomen. There Ciiii be little doubt 
that this is part of some kind of organ of sense, though it is 
much larger than is usual with Insect sense-organs. 

Fam. 40. Epiplemidae. — Under this name Hampson has 
assembled certain Geometroid moths, some of them placed previ- 
ously in Chalcosiidae, some in Geometridae. They form a varied 
group, apparently closely allied to Uraniidae, and having a similar 
peculiar sense-organ ; but arc distinguished by the presence of a 
frenulum. Tlie larva seems to bo like that of Uraniidae. 

Fam. 41. P]rralidae. — Tliis division is to be considered rather 
as a group of families than as a family ; it mcludes a very large 
number of small or moderate-sized moths of fragile structure, 
frequently having long legs; antennae simple, only in a few 
cases pectinate ; distinguished from Noctuidae and all the other 
extensive divisions of moths by the peculiar course of the costal 
nervure of the hind wing, which either keeps, in the middle of 
its course, near to the sub-costal or actually unites with it, 
subsequently again separating. Members of the Pyralidae are 
found in all lands; in Britain we have about 150 species. The 
larvae are usually nearly bare, with only short, scattered setae, 
and little coloration; they have most varied habits, are fond of' 
concealment, and are very lively and abrupt in movement, 
wriggling backwards as well as forwards, when disturbed; a 
cocoon is formed for#the metamorphosis. 

The family os a whole consists of Insects of unattractive 
ax^pearanee, although it contains some very elegant and interesting 
moths and numerous foims of structural interest. In the genua 
Thiridopteryx little transx>arent spaces on the wings occur as a 
character peculiar to the males ; the spaces are correlative with 
a greater or less derangement of the wing-nervure^ In some 
other forms there is a remarkable retinaculum, consisting of large 
scales, and this, too, is connected with a distortion of the wing- 
iiervures. The Pyralidae — Pyralites of Ragonot,' Pyralidina of 

^ Ragonot, Ann, Soc. ent, France, 1S90 and 1891 Meyrick, Tr, Soe,. 
London, 1890, p. 429. 
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Meyrick-^have recently been revised by two naturalists of dis- 
tinction almost simultaneously; unfortunately tlieir results are 
discrepant, Meyrick including Pterophoridae and Orneodidae, 
and yet admitting in all only eight families ; while Bagonot does 
not include the two groups named, but defines seventeen tribes 
of the two families — Pyralidae and Crambidae— that he admits. 

The Fyiaustidae of Meyrick is an eiionnous division including 
the Hydrocampidae and Scopariidae of many authors, as well as 
the Pyraustinae proper and a small group of Bagonot’s, the 
Homophysinae. Tlie division Seopariiiiao. is Indieved to be 
amongst the "most ancient” of I^.pidoptera ; the food of the 
larvae consists of moss and lichens. 'Phis gioup is widely dis- 
tributed, being richly represented in Australia, New Zeulaiul, 
and the Hawaiian Islands, as well as in Europe ; and probably 
really occurs wherever their food-plants exist (iceompanied by 
a tolerable climate. The statistics of the distribution of this 
group, so far as at present known, have })een furnished by 
Mr. Meyrick, as follows: — European region, about 25 sxK!cies; 
Madeira, 3 ; St. Helena, 6 ; South Africa, 2 or 3 ; India, 9 ; 
Malayan region, 3 or 4 ; Australia, 24 ; New Zealand, G4 ; 
Hawaiian Islands, 60; North America, 17 (one of them Euro- 
pean); South America, 10. The Hydrocaraiiinae — the China- 
marks — are of great interest, as lieing amongst the few forms 
of Lt^pidoptera adapted for aipiatic life. It is believed that all 
their larvae are aquatic, though of only a few is there much 
known. The diversity amongst these forms is of considerable 
interest. The habits of Hydroeam'pa nymphaeata wore long since 
described by Reaumur, and have more recently been dealt with 
by Buckler,^ W. Muller ® and Prof. Miall.* *^tliough there are 
some discrepancies in their accounts, due wo believe to the 
observations being made at different periods of the life and under 
somewhat different circumstances, yet the account given by 
Muller is we feel no doubt substantially correct. The larvae 
when- hatched mine in the leaves of a water-plant for a short 
time — "thirts’^ hours to three days according to Buckler — and are 
completely surrounded by water, which penetrates freely into 
their burrows; at this period the caterpillar breathes by its 
skin, the spiracles being very small, and tiie tubes leading from 

> JSni. Mag. xii! 1876, p. 210, and xvii. 1881, *p. 249. 

^ Zool, Jahrh. Syti. vi. 1892, p. 617. * Mat. Hist. AqwUie Inseets, London, 1896. 
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them cloHod and functionless. After this brief period of mining 
life, the larva moults and then constructs a habitation by cutting 
a piece out of a le«if, and fastening it to the under side of another 
leaf ; it is thus provided with a habitation, but it is one into 
which the water freely enters, and the respirator)” apparatus 
remains in the state wc have described. Tlie Insect passes 
through several moults, and then hibernates in the water. On 
its revival in the spring a change occurs, and the larva constructs 
a portable, or we should rather say free, habitation out of two 
large pieces of leaf of lens-sliape, fastened together at the 
edges ; but the larva hjis some method of managing matters so 
that the water am be kept out of this house ; thus the creature 
lives in air thougli immei'sed in the water. A correlative change 
occurs in tlie structure of the skin and triicheiil system. The 
tbrmer becomes studded with prominent points that help to 
maintain a. coat of air round the Insect, like dry velvet immersed 
in water ; tlie spiracles ai'c larger than they were, and they aiid 
the tracheal tulles are open. One or two moults take phice and tlie 
creature tlien pupates. There is a good deal of discrepancy in 
the accounts of this period, and it seems probable that the pupa 
is sometimes aerial, sometimes aquatic. Buckler’s account of the 
formation of the case shows that the larva first cuts off, by an 
ingenious process, one piece of leaf, leaving itself on this, as on 
a raft ; this it gukles to a leaf suitable for a second piece, gets 
the luft underneath, and fastens it with silk to the up^ier portion, 
and then severs this, leaving the construction free ; afterwards the 
larva goes through a curious process of changing its position and 
working at the two extremities of the ciisc, apparently with the 
object of making it all right as n^gards its capacity for including 
air and keeping out water. He believes tliat Beaumur was 
correct in his idea that tlie larva regulates the admission of air 
or of water to the case in conformity with its needs for respiration. 
Miiller calls special attention to the great changes in habit and 
ill the structure of the integument during the life of this larva ; 
but the reader will gather from wliat we relate at; to various 
terrestrial Lepidopterous lar\'ae, that these phenomena are not 
very dissimilar from what frequently take place in the latter ; a 
change of habits at some particular moult, accompanied by great 
changes in the integument, and even in tlie size of the stigmata, 
being of frequent occurrence. 
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The larva of Nymphvia stagnata.B. close ally of H. nymphaeata. 
has aquatic habits of a somewhat similar but simpler nature; 
while N, {Pamponyx) stratiotata is very different. This larva is 
provided with eight, rows of tufts of flexible branchiae, occupying 
the position of the spots or setigerous warts usual in caterpillai's, 
and reminding one of the spines of certain butterfly-larvae, though 
they are undoubtedly respiratory filaments. These caterpillars 
protect themselves by forming silken webs or cases, or by adopt- 
ing the case of some other larva, and are in the habit of holding 
on by the anal claspers, and rapidly and energetically moving 
the anterior pirts of the body in an undulating fashion. The 
spiracles exist, but are functionlcss. The pupa lives under water, 
and has no branchiae; but three of the piii*s of abdominal 
spiracles are open, and project from tlie body. Muller informs 
us that in a Brazilian Pamponyx tliese three pairs of spiracles 
were already large in the larva, though the other pairs were very 
sniall, or absent. He considers that the moth of this species 
descends beneath the water of a rapid stream, and fastens its 
eggs on the stems of plants therein. CataelyBta lemnata lives in 
a case of silk with leaves of duckweed attached to it, or in a 
piece of a hollow stem of some aquatic plant ; it is believed to 
breathe, like H, nympliaeata, at first by the integument and 
subseciuently by open stigmata; but particulars as to how it 
obtains the requisite air-supply arc not forthcoming : the aquatic 
pupa breathes by three large abdominal spiracles like Paraponyx. 

Musotimidae^ is a small group of two or three genera found in 
Australia and Polynesia ; and the Tineodidae also consist of only 
two Australian genera. Siculodidae is likewise a small Antarctic 
group, placed by Meyrick in Pyralidina ; but his view is not 
accepted by Snellen and Bagonot. Epipaschiinae (formerly 
treated as a separate family) and Endotrichiinae are, according 
to Meyrick, subdivisions of the family Pyralidae proper, an 
enormous group of mol's than 100 genera. The Chrysauginue 
consist chiefly of American forms, and have not been- treated by 
Meyricl^; some of this group have been classed with Tortricidae 
or Deltoidae on account of the undulating costa of the front wings 
and the long, peculiar palpi. The Galleriidae are a sniall group 
including Insects that live in bees’-iiests, and feed 011 the wax 

1 For Bibliographic Ajlcrences connected with the divisions ol^ Pyralidae see 
Ragonot, Ann, Soe, ent, France (6), x. 1890, (jp. 458, etc. 
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etc.; others eat seeds, or dried vegetable substances. Three 
out of our five British species of this family occur (usually 
gregariously) in bee -hives, and have the peculiar habit 
of spinning their cocoons together. The mass of common 
cocoons formed in this manner by Aplumia socidla is remark- 
ably tough and enduring ; portions of it are not infrequently 
picked up, aiid as the cocoons are of a peculiar tubular form 
their nature gives rise to some pei-^dexity. 

Phycitidae ^ is another very large assemblage of Insects with 
very diverse habits. The frenulum and retinaculum are similarly 
formed in the two sexes : the males frequently have the basal-joint 
of the antennae swollen ; hence the term " Knot-horns ” applied 
by collectors to these moths. The larvae of the species of 
EpheMiamio^t groceries, and most children have become to a slight 
extent acquainted with them amongst dried figs ; that of E. 
kmhniella has become very injurious in Hour-mills, its enormous 
increase being due in all probability to tlm fact that the favour- 
able and equable temperature maintained in the mills promotes a 
rapid succession of generations, so tliat the Insect may increase 
to such an extent as to entirely block the mfichineiy. Many of 
the Phycitidae feed on the bark of trees in galleries or tunnels 
constructed partially of silk. A very peculiar modification of 
this habit in Cecidipta excoecaria has Iwen described by Berg. 

In Argentina this Insect takes iH)ssession of the galls formed by 
a Chennes on Excoecaria Mt/lartdulosa, a Euphorbioceous tree. 
The female moth lays an egg on a g^ill, and the resulting larva 
bores into the gall and nourishes itself on the interior till all is 
eaten except a thin external coat ; the aiterpillar then pupates 
in this chamber. The galls vary in size and shape, and the 
larva displays much constructive ability in adapting its home to 
its needs by the addition of tubes of silk or by otlier modes. Some- 
times the amount of food furnished by the interior of the gall is 
not sufficient ; the larva, in such cases, resorts to the leaves of the 
plant for a supplement, but does not eat them in the usual 
manner of a caterpillar; it cuts off and carries a le^f to the 
entrance of its abode, fastens the leaf there with silk, and then > 
itself entering, feeds, from the interior, on the food it has thus 
acquired. Another Phycitid, Dakruma eoccidivora^ is very 

^ Monograph, by Ragonot, in Ronianoff, Mem, £ep. vii. 1893. 
s Ent, ZeU. SMtin, 1878, p. 230. 
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beneficial in North America by eating large Scale-Insects of the 
^ ^Lecanmm group, somewhat after the fashion of EvfUtria 8cit%da ; it 
does not construct a case, but sheltera Uself when walking fi'om 
one scale to another by means of silken tubes ; it suffers from 
thQ attacks of parasites.^ Oxychirotinae, an Australian group, 
is interesting because, according to Meyrick, it possesses fonns 
connecting the Pterophoridae with the more normal Pyrolids. 

Grambidae, or Grass-moths, aii) amongst the most abundant 
Lepidoptera in this country, as they include tlie little xmle moths 
tliat fly for short distances amongst the grass of lawns and 
pastures; they fold their wings tightly to tlieir body, and 
have a liead pointed in front, in consequence of the form 
and direction of the xmlpi. They sit in an upright position 
on the stems of grass, and it has been said tliat this is done 
because then they are not conspicuous. Perhaps : but it would lie 
a somewhat dilficult acrobatic xierformam^e to sit with six legs 
across a stem of grass. The larvae are feeders on grass, and 
construct silken tunnels about the roots at or near the surface. 
The Ancylolominac are included in Craml)idae by Meyrick and 
Hamiisdn. »Schoenobiinae* are included by Meyrick in Pyraustidae, 
but this view appears not to meet with acceptance, and the group 
is more usually associated with the Grambidae. Most writers 
jiloce the anomalous genus Acentrojnis as a separate tribe, but it 
is associated by both Meyrick and Hampson with Schoenohms, 
This Insect is apparently the most completely aquatic of all the 
lepidoptera, and was for long associated with the Trichoptera 
in consequence of its habits and of the scaling of the wings 
being of a very inferior kind. The males may sometimes be 
found in large numbers fluttering over the surface of shallow, but 
large, bodies of water ; the females are rarely seen, and in some 
cases have no wings, or have these organs so small as to be useless. 
The female, it would appear, comes (^uite to the surflicc for 
coupling, and then takes the male beneath the water. The larviie 
have the usual number of Lepidopterous feet, and apparently feed 
on the le^es of plants below water just as lepidopterous larvae 
ordiiuirily do in the air. * They have no trace of gills, and their 

^ Howard, Insect Life^ vii. 1995, p. 402. 

* Monograph by Hampson. P. ZooU Soe, London^ 1895, p. 897-974. 

* Disqu^, Ewt. ZeiU li. 1890, p. 59. ' Cf. also Rebel, Zool. Jahrh, Syst. 

, xiL 1898, p. 3. 


426 LEPIDOPTERA chap. 

mode of respiration is unknown. A great deal has been written 
about these Insects, but really very little is known. They are 
abundant, thougli local in many parts of North and Central 
Europe ; some of the females have, as we liave said, abbreviated 
wings, but how many species there are, and whether the modifica- 
tions existing in the development of the wings arc constant in 
one species or locality, are unknowm as yet. 

Fam. 42. Fterophoridae ' {Plume-moths ). — Elegant Insects 
of small size, usually with the wings divided (after the fashion of 
a hand into fingers) so as to form feathers : the extent of this 
division is diverse, but tlie hind wings are more completely divided 
than the front, wdiich indeed are sometimes almost entire. The 
group is placed by Meyrick in his Pyralidina, but there are many 
entomologists who look on it m distinct. It consists of two 
sub - families, Agdistiiiao and Pterophorinae, that have been 
treated as taiiiilies by many entomologists. The Agdistinae 
(of which we have a British rei)resentative of the only genus 
Agdistes) have the wings undivided. Pterophorinae have the 
hind wings trifid or (rarely) qiiadrifid, the front wings bifid or 
(rarely) trifid. The larvae of the Pterophorimie are different 
from those of Pyndiibic, being slow in movement and of heavy 
form, covered with hair and living exposed on leaves ; the pupae 
are highly remarkable, lieing soft, coloured somewhat like the 
larvae, and also hairy like the larvae, and are attached somewhat 
after the manner of butterfly- pupae by the cremaster : but 
in some cases there is a slight cocoon. There is, however, 
much variety in the larval and pupal habits of the Ptero- 
phoritUie, many having habits of concealment of divers kinds. 
We have tliirty 8i)ecie8 of these lovely Plume-moths in Britain. 
Tlie 'family is widely diatributed, and will probably prove 
numerous in species when the small and delicate Insects existing 
in the tropics are more appreciated by collectors. 

Fam. 43. Alucitidae (Orneodidae of Meyrick and others). — 
The genus Alucita includes the only moths that have the front 
and hind wings divided each into six feathers. Sp^ies of it, 
though not numerous, occur in various regions. The larva and 
pupa , are less anomalous than those of the Pterophoridae, though 
the imago is more anomalous. The caterpillar of our British A. 
polydaetyla feeds on the flower-buds of honey-suckle, and forms a 
^ Classificatiou ; Meyrick, Tr. ent. Soc^ Loihdun, 1886, p. 1. 
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cocoon. The moth with wings expanded is about an inch across, 
and is a lovely object. It is not rare, though seldom numerous. 

Fam. 44. Tortriddae. — Moths of small size, with a rather 
ample wing area, with the wing-fringes never as long as the 
wings are wide (long across), the hind wings without a pattern : 
the anterior nervure on the hind wings is simply divergent from 
that next to it, and the internal nervure, lb, is very evidently 
forked at the base. Tlie larvae inhabit their food, which may be 
rolled up or twisted leaves, or the interior of fruits and lierbs, or 
galls, or even roots ; they exhibit leas diversity than is usual in 
other large series of moths ; all have the normal complement of 
sixteen legs. This group is a very extensive one, but is much 
neglected owing to the great difficulties attending its study; 
it is not recognised hi Hampson’s Table of families given on 
p. 370, being there merged in Tineidae. It appears, however, 
to be a really natural group, and it is not desirable to merge it 
in the sufficiently enormous assemblage of the "J'ineidae till 
this has been shown to be necessary by the liglit of a greater 
knowledge of the external anatomy than we possess at present. 
The term Microlepidoptera is frequently met with in entomo- 
logical literature, and should, we think, be confined to the two 
series Tortriddae and Tineidae. The l^terophoridae, anil even 
the Pyralidae, have been, and still sometimes »ire, included under 
this term, but at present it seems best to limit its application as 
is here suggested. 

Three great divisions are at present recognised ; these were 
formerly called by Meyrick,^ Tortriddae, Grapholithidae, Conchy- 
lidae ; subsequently,^ he has adopted the names Tortriddae, 
Epiblemidae, Phaloiiiadaa Lord Walsingham, who has devoted 
a great deal of time and study to the elucidation of this most 
difficult group, has suggested ^ that another change is desirable, 
and if so the nomenclature 'v^ill be: — 1. Tortriddae [or Tor- 
ticinae, according to the view that may be taken os to the group 
being family or sub-family] ; 2. Phaloniidue [ s the formerly 
used name, Couchylidae] ; 3. Olethreutidae [sthe formerly used 
name Grapholithinae = Epiblemidae, Meyr.]. We have upwards 
of 300 species in Britain, nearly 200 of which belong to the 
last division. The name Tortricidae refers to the habit the 

» P. z5fin. Soe. AT. S. Walts (2), vi! 1881, p. 410. 

’ Handbook Brit. Lep. 1895, p. 493. ’ Tr, ent. Soe. London^ 1895, p. 495. 
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larvae of these moths possess of rolling up leaves^ or twisting 
and distorting shoots and buda 

The mode in which leaves and shoots are twisted and rolled 
by the very small larvae has been much discussed and is pro- 
bably the result of two or three distinct causes: — 1, the 
immediate operations of the larva; 2, the contraction of silk 
when drying ; 3, changes in the mode of growth of the parts of 
the vegetable, resulting from the interference of the caterpillar. 
The larvae of this family that live in fruits are only too widely 
(we will not say well) known. Stainton gives as the habitat of * 
ISpinotia fnnebrwiMi^ " larva frequent in plum-pies ” ; the cater- 
pillar of Garpocapm pomondla (the Codling-moth) mines in 
apples and pears, and its ravages are known only too well in 
widely distant imrts of the world where fruit-trees of this kind 
aro cultivated. C. aplendaTia lives in acorns and walnuts ; C. 
jvliana in Spanish chestnuts. Two, if not more, larvae live in 
the seeds of Euphorbiaceous plants, and have become notorious 
under the name of jumping-beans, on account of the movements 
they cause. As these latter show no trace externally of being 
inhabited, the movements are supposed to be a mysterious pro- 
perty of the seed ; they are really due to its containing a large 
cavity, extending, in one direction of tlie seed, nearly or quite 
from skin to skin ; in this the larva makes a movement sufficient 
to alter the point of equilibrium of the quiescent seed, or as 
a free body to strike some part of it. The exact nature of the 
movements of the larva have not, we believe, been asoertained. 
There are, at least, two species of these Insects, and two plants 
harbouring them, known in the United States and Mexico, viz. 
Carpocapsa saltitaiM living in the seeds of Croton collignaja and 
Orapliolitha aebastianiae living in the seeds of Sehaatiania 
Ucapavlaria, 

Fam. 45. Tineidae. — Small moths with the labial palpi 
more flexible and mobile than in other moths ; usually separated 
and pointed. Hind wings frequently with very long fringes, the 
wing itself being proportionally reduced in size, and 4n ' con- 
sequence pointed at the tip. Larvae very diverse, almost always 
with habits of concealment. The series of forms included ^ under 
this head is very numerous, the British species alone mounting 
, up to 7.00, 'While the total descrilbed cannot be less than 4000. ^ 
JThis number, however, must be but a fragment of what exists. 



VI 


HETEROCEKA- 


-TINElDiJ^E 


429 



Fig. 207 . — IJipttmim //)//f/mv«(Oel«chiides). 
Hawaiian Islam Is. 


if Mr. Meyrick be correct iu supposing that a single one of 
the divisions of the family — Oecophoridae — comprises 2000 
species in Australia and New Zealand alone. As the study 
of these Insects is attended 
with great difficulty on ac- 
count of their fragility and 
the minute size of the great 
majority, it is not a matter 
for surprise that their classifi- 
catioii is ill a comparatively 
rudimentaiy state. Wo shall 
not, therefore, deal with it here. 

Neither cun we attempt to give 
any idea of the extreme diversity 

iu the colours, forms, and attitudes of these small Tiisects. The 
one shown in Fig. 207, is remarkable on account of the great 
accumulation of scales on the wings and legs. As regards the 
pointed wings, and the long fringes, we may remark that it is 
probable that in many of these small forms the wings aie 
pissive agents iu locomotion ; a similar condition of tlie wings 
is found iu other very minute Insects, e,g. Thysanoptera and 
Trichopterygidae ; in all these cases the framework of the wings is 
nearly absent : iu some forms of the Tineidae, Ojwstega, e.g. the 
nervulcs are reduced to three or four in each wing. The 
variety in habits is as great as that of the external form, and 
the larvae exceed in diversity those of any other group of 
Lepidoptera. No doubt a corresponding amount of diversity 
will be discovered iu the details of Structure of the perfect 
Insects, the anatomy of but few having lieen at present investi- 
gated. Tima pellioTidla has two very i^iportant peculiarities iu 
its internal anatomy : the testes consist of four round follicles 
on each side, and, contrary to the condition generally prevalent 
in licpidopteia, are not brought together in a common capsule : the 
two groups are, however, not quite free (as they are iu Hepialua), 
but arc connected by a loose tracheal network. Even more 
remarkal^le is the fact also pointed out by Cholodko^ky ' that 
the adult Insect possesses only two Malpighian tubes instead of 
six, the normal number in Lepidoptera ; iu the larva there are, 
however, six elongytte tubes. The group of fonns to which 

^ ZooL Anz. V. 1882. p. 262. 
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Tinta belongs is remarkable for the diversity and exceptional 
character of the food -habits of the larvae ; species subsist 
on dried camel’s dung, various kinds of clothes, furs, and 
hair, and even about horns of deer and horses* hoofs : one 
species has been found in abundance in the hair of a live 
sloth, Bradypus cucvlligeTf under circumstances that render it 
possible tliat the larva feeds on the creature’s hair, though it 
may feed on minute vegetable matter found in the hair. 
The larva of Tinea vaeteUa is occasionally found feeding on the 
liorns of living antelopes. Several species of Tineidae are known 
to devour Scale-Insects. 

Lita solandla is notorious for the ravages it commits on 
stored potatoes. Quite a number of species live on cryptogamic 
matter, or in old wood ; OiTvopUUa i)~Jlamini feeds on the mould 
on the walls of cellars, and is reputed to be injurious by occasion- 
ally also attacking the corks of bottles containing wine. Oecocecis 
guyonella is said to be the cause of galls on Li'inoniaMru'ni 
g%iyonianum, a plant that, growing in the deserts to the south 
of Algeria, is a favourite food of camels, and is fret][ueutly entirely 
covered with sand. The depcM^ition of an egg by this moth is 
believed by Gudn^e' to give rise to a gall in. which the larva is 
entirely enclosed (like the larvae of the gall-flies). Of Clothes- 
moths there are at least three species widely lUstributed. 
TricJbophaga tapetzdla is perhaps entitled to be considered the 
Clothes-moth ; its caterpilkr not only feeds on clothes, but spins 
webs and galleries amongst them. 'Tinea pelliondla is also very 
common ; its larva lives in a portable case, while that of the 
third species, Tineola Uedliella, forms neither a ca^ nor definite 
galleries. We have found this the most destructive of the three 
at Cambridge Clothes or valuable furs may be completely pro- 
tected by wrapping them in good sound paper in such a way 
that no crevices are left at the places where the edges of the 
paper meet. Garments that have become infested may be entirely 
cleared by free exposure to air and sunshine. 

Two species of Tifiea have been recorded as viviparous, viz. 
Tinea mvi^ara in Australia, and an undetermined species in 
South America. The species of the genus Solenobia—AxL which 
the female is apterous — ^are frequently parthenogenetic. The 
group Taleporiidae, to which this genus l)plongs, is by some 
1 Ann, Soc, efU. Franee (4), x. 1670, p. 1, pi. vii. 
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dassified with Psychidae, in which family^ an we have pointed 
out, one or two parthenogenetic forms are also known. 

The larvae of Tineidae^ though they do not .exhibit the 
remarkable armature found in so many of the larger caterpillar, 
are exceedingly diverse.^ Some are entirely destitute of feet 
(Phylloenistis). Others are destitute of the thoracic legs; 
Mpticula is in this case, but it is provided with an increased 
number of abdominal feet, in the form of more or less imperfect 
ventral processes. Some mine in leaves, others live in portable 
cases of various forms. Some are leaf-miners during tlieir 
early life, and subsequently change their habits by con- 
structing a portable case. The genus Coleophora affords 
numerous iustsiiiices of this mode of life; the habits of these 
casc-l)earer8 exhibit considerable variety, and there aic many 
points of interest in their life-histories. Change of habit during 
the larval life has already lieeu alluded to as occurring in many 
Ixipidoptera and is nowhere more strikingly exemplified than in 
certain Tineidae. Meyrick mentions the following case as 
occurring in an Australian Insect, Nematobola orthotricha the 
larva, until two-thirds grown, is without feet, and is almost 
colourless, and mines in the leaves of Persoonia lameolata; but 
when two-thirds grown it acquires sixteen feet, changes colour, 
liecoming very variegate, and feeds externally, unprotected, on tlie 
leaves. The cases of the case-bearing Tineids are usually of 
small size, and do not attract attention like those of Psychidao. 
A very I'emarkable one was discovered by Mr. E. E. Green in 
Ceylon, and was at first believed to be formed by a Caddis-worm. 
It has now been ascertained that the Insect forming it is the 
caterpillar of Psetidodoxia limulm, a Tineid moth of the group 
Depressariidae ; ^ the case is composed of minute fragments of 
moss, sand, and lichens ; the anterior end is dilated into a shield- 
like hood that covers and protects the anterior parts of the 
larva when feeding ; the food is mosses and lichens on rocks and 
trees. Before pupating, the larva folds down the edges of the 
hood over the mouth of the tube, like an envelope, fastening 
them witTi silk. The case is fixed to the rock or other sup^iort > 
and hangs there until the moth appears. 

^ For table of the larvae, aocording to number of feet and other characters, see 
Sorhagen, Berlin, ent. Beit, xxvii. 1888, pp. 1-8. 

^ P. Linn. Soe, N.S. (2) vii. 1892, p. 693. 

* Durraut, Ent. Mag.- xxxi. 1895, p. 107. 
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; The fhmily Prodoxidae conaists of some Tineida, the larvae of 
which feed in the poda and atema of the Yuccas of aouth-weatem 
North America; they have the mouth of very unusual form 



Fio. 208. — ProHuba gynthetica. North America. A, lArva ; 
B, C, pupa, ventral and lateral asiiecte ; D, female moth ; 
E, heail and part of thorax of the female moth; a, 
labial palp ; maxillary tentacle ; e, maxillary palp ; 
df proboscis ; e, base of front leg. (After Riley.) 


(Fig. 208, E). and 
some of them, by 
aid of this peculiar 
mouth, exhibit a 
remarkable modiii* 
cation of instinct. 
The facts are chiefly 
known from th% 
observations of 
Eiley ^ on Pronuha 
yaccaitella , . a moth 
living on Yucca 
JilamerUosa ; this 
plant has been in- 
troduced into our 
gardens in this 
country, where it 
never, vre believe, 
produces seed. The 
Yuccas are not 
fitted for self-fertil- 
isation or for fer- 
tilisation by Insect 
agency of an ordi- 
nary kind.' The 
progeny of tho 
moth develops in 
the pods of the 
plant, and as these 
cannot grow until 


the flowers have 


been fertilised, the moth has the habit of fertilising the flowers 
>at the time she lays her egg in the part that is to develop into 
the pod^ and to be the food for her own progeny. The female 
moth first visits the stamens, and collects, by the aid of the 


1 <>The Yucca moth and Yucca PolUnAtion,” Pep, MUmmri Botanical Garden, 
4892, pp, 99-158. . 
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maxilLoo (which in this sex are ver)” remarkably formed)/ a con- 
siderable mass of pollen, which she holds by means of the peculiar 
maxillary tentacles ; she then lays an ej^j' in the pistil, usually 
of some flower other than that from which she has gathered the 
pollem; and after she has accomplished this act she caix)fully 
applies the ]x>llen she had previously collected to the pistil, so 
as to secure the fertilisation of the flower and the development 
of the pcKl. 

• The species of Prodoxus stand in a very peculiar relation 
to ProHuha. They also live in Yuccas, and have habits similar 
tcp those of Pronuha, with the importiint exception that, being 
destitute of the requisite apparatus, they do not fertilise 
the Yucca-flow'ers, and arc thus dependent on Pronuha for 
the steps being taken that are necessary for the rearing of the 
progeny of the two kinds of moth. Hence the name of Yucca- 
moth has been bestowed on Pronuha^ and that of “ bogus Yucca- 
moth ” on the Prodoxus, The Promiha we figure is the largest 
and most remarkable species of the genus and fertilises Yuvea 
hrevifolia ; the larva is destitute of abdominal feet, and in 
the pupa the spines on the back that exist in nearly all pupae 
that live in stems are developed to an extraoi*dinary extent. 
The Yuccas do not flower every year, and the Prodoxidae have a 
corresponding uncertainty as to their periods of appearan/ 
passing sometimes a year or two longer than usual in the p^ I 
stage. ' 

Fam. 46. Eriocephalidae. — This family has re(;ently been 
proposed for some of the moths formerly included in the genus 
Micropteryx.^ They are small, brilliant, metallic Insects, of 
diurnal liabits, but are very rarely seen on the wing, and it is 
doubtful whether they can Hy much. These little Insects are of 
peculiar interest, inasmuch as they differ from tlie great majority 
of the Lepidoptera in at least two very important points, viz. 
the structure of the wings and of the mouth-parts. The mouth 
shows that we may consider that the Lepidoptera belong to the 
mandibulat(^ Insects, although in the great majority of them the 
mandibles in the filial instar are insignificant, functionless 
structures,' or are entirely absent, and although the maxillae are 

^ The maxillary tentacle is coneidered by Prof. J. B. Smith to be a prolongation 
of the stipes, cf. antea, p. 809 ; also Inseet Life^ v. 1893, p. 161. 

^ Chapman, Tr. ent, Soe. Lofndon^ 1894, p. 366. 

* VOL. VI 2 F 
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80 highly adapted. for the tasting of sweets that it is difficult to 
recognise in them the parts usually found in the maxilla of 
mandibulatc Insects. Erioeephala in both these respects connects 
the Lepidopteva with Mandibulata: the mandibles have teen 
shown by Walter^ to be fairly well developed ; and the maxillae are 
not developed into a proboscis, but have each two separate, differen- 
tiated — not elongated — lotes, and an elongate, five-jointed, very 
flexible palpus. The moths feed on pollen, and use their 
maxillae for the purpose, somewhat in the style wo have men- 
tioned in Prodoxidae. The wings have no frenulum, neither 
have they any shoulder, and they probably function as separate 
organs instead of as a united pdr on each side : the modification 
of the anterior parts of the hind wing — whereby this wing is 
reduced as a Hying agent to the condition of a subordinate to the 
front wing— <loe8 not here exist : the hind wing differs little from 
the front wing in consequence of the parts in front of the cell being 
well develcqied. There is a small jugum. These characters have 
led Packard to suggest that the Erioccphalidae should be separate 
from all othex Lepidoptera to form a distinct sub-Order, Lepidoptera 
Ijaciniata.^ The wing-characters of Erioeephala arc repeated — as 
to their main features — ^in Ilepialidae and Micropterygidae ; but 
both these groups differ from Erioeephala us to the structure of 
the mouth-parts, and in their metamorphoses. Although Erio- 
cephala ealthella is one of our 
most abundant moths, occur- 
ring in the sx)ring nejirly every- 
wliere, and teing easily found 
on account of its habit of sit- 
ting, in buttercup-flowers, yet 
its metamorphoses were till 
recently completely unknown. 

Dr. Cliapman has, however, 

teen able to give us some 209.— Larva of Erioeephala ealthella, 

, g, 1 1 -x (After Chapman.) A, Yoimg larva from' 

information os to the habits side, x 60 ; B, portion of ekfn with a bulla 

and structure of t^ krvae, in " ' c^aWomiaai foot 

both of. which points the crea- 
ture is most interesting. The eggs and young larvae ore " quite 

^ Walter, JetM, ZeiUcAr, Ndturw, xviii. 1885. did not diatinguish 
cephala os a goniis, os we have explained on p. 308. 

* Amcr, Natural, xxix. 1895, pp. 636 and 803. 
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unlike our ideas of a Lepidopterous Insect ; ” the former have a 
snowy or mealy appearance, owing to a close coating of minute 
rods standing vertically on the surface of the egg, aild often 
tipped with a small bulb. The laxva lives amongst wet moss 
and feeds on the growing parts thereof; it is not veiy similar to 
any otliev liepidopterous larva : Dr. Chapman suggests a simi- 
larity to the Slug-worms (Limacodids), but Dyar is probably 
correct in thinking the resemblances between the two are unim- 
portant : the larva of Eriocephcda possesses three piirs of thoracic 
legs, and eight pairs of abdominal appendages, placed on the 
segments immediately following the thorax ; on the under-surface 
of the ninth and tenth abdominal segments there is a sucker, 
trifoliate in form ; this is probably really situate entirely on the 
tenth segment : the binly bears rows of ball-appendages, and the 
integument is beautifully sculptured. The head is retractile 
and the antenmm are longer than is usual in caterpillars. This 
larva is profoundly difiei'cnt from other I-.epidopterous larvae 
idaamuch as the abdominal feet, or appendages, are xdaced on 
different segments to what is customary, and are of a different 
form. Unfortunately the pupi has not l)een procured, but there 


is some mason for supposing that 
it will prove to l)e more like that of 
Tineidae than like that of Microp- 
terygidae. 

The New ZeaLand genus Palaeo- 
^ vlicra is only imperfectly known. 
Meyrick considers it the " most 
ancient ” I-iepidopteron yet dis- 
covered ; and it would appear that 
its relations are with Eriocephcda 
rather than with Micropteryx, From 
information he has kindly given to 
us, we are able to say that this moth 
possesses liiaudibles but no proboscis. 

Fam. 47- Hicropterygidae. — 
Small moths of metallic colours, 
without mandibles, with elongate 



Fio. 210. — Larva of MieropUryx sp. 
A, Ventral view of the larva, 
iiiagnifted ; B, the same, with 
setae unduly maguified. Britain. 


maxillary palpi : without frenulum : both wings with a complex 


system of wing-veins ; iou the hind wings the area anterior to 


the cell is large, and traversed by three or four elongate, parallel 
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veins. Tliere are no mandibles, but there is a short, imperfect 
proboscis. Lar\"a (Fig. 210) without any legs, mining in leaves. 
The pupa (Fig. 211) is not a pupa obtecta, but has the head 
and appendages free, and it provided with enormous mandibles. 
Although these Insects in general ap])earance resemble 
cephala to such an extent that both have been placed in one 
genus, viz. MicropteiY^* the two forms are radically distinct. 

The most remarkable 



point ill Micropteryx 
is the metamorphosis ; 
the fenuile moth is 
furnished with a cut- 
ting ovipositor, by the 
aid of which she de- 
posits an egg between 
the two layers of a 
leaf after the manner 
of a saw-fly ; ' the larta 
mines the newly-opened 
leuves ill the early 




spring, and feeds up 
with rapidity ; it by 
some means reaches 
m there 

'll. P^P^tes in a Arm but 
^ cocooii, witli grains 
Q X /y/ earth fastened to it ; 

^ J \ \ \ \ in this it passes the 

Dorsal aspect ; B, G, D, views of head dissected off ; aS a larva, changing to 

B, profile; C, posterior, D, anterior aspccta; w, « 

mandibles. Britain. P'^^P®’ ^®*^y 

the following spring. 
The pupa is unlike any other Lepidoptcrous pupa, but is similar 
to those of Trichoptera ; neither the head nor the appendages 
are glued to the body or to one another, but are ^ree, so that 


the pupi can use the appendages to a considerable extent ; it is 
furnished with enormous mandibles (Fig. 211, C, D), which are 
detached and shed after emergence.^ In the interval between 


^ Wood, &it. Mag, xxvi. 1890,^p. 148. 

‘ See Chapman, Tr. ent, Soe. London, 1893, p. 255. 
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the larval period of feeding and the imaginal instar, the pheno- 
mena of life are essentially like those of Trichoptei’a. The larva 
has not been at all siitisfactorily studied ; the spiracles appear 
to be excessively minute, but have been ascertained by Dr. 
Chapman to be normal in number and position. 

All the information we possess j)oint8 to profound distinctions 
between Micropteryx and Hriocephala, for wliereas in the former 
the mandibles di'op off from the pupa, so that tlie imago has no 
mandibles, in the latter the mandibles exist, $is they do in 
several other true lA^pidoptera. As the histoiy of the mandi- 
bles is not known in otlier I.«epidopiera (where they are present 
in the larva but wanting in the imago), it is premature to 
conclude that no other Lepiiloptera suffer the actual loss of the 
mandibles as Micropieryx does, though there is nothing to lead 
us to believe that in any other liepidopterous pupa are the 
maiulibles specially develojml as they are in Micropieryx, This 
jmpa is in fact quite unique in this Ortlcr of Insects. When the 
history of the pupal mandibles is known, we shall be able to 
decide whether they are secondary structures, like the deciduous, 
supplementary mandibles found in Otiorhyuchides (Coleoptera, 
Ehyuchophora). 



CHAPTER Vir 

DIPTERA^ — OR FLIES; AP1IANII»TRHA OR FLEAS; THYSANOPTERA 

on THRIPS 

Order Vn. Diptera 

Wing$ two, membranous, usnedly transparent and never very large ; 
behind the mngs a. pair of small erect capitate bodies— 
haltered — frequently concealed wider membranous hoods. 
No distinct prothorax, all the divisions of the thora^ being 
united to form a large mass. Mouth-parts very variable, 
formed for suction not for biting, frequently assurnmg the 
form of a proboscis that can be retracted and concealed in a 
cleft of the under side of the head. The metamorphosis is 
very great, the larvae bearing) no resemblance whatever to the 
perfect Insects, but being mucdly footless grubs or maggots ; 
frequently the head is imlistimt, small, and retracted. 
Pupa variable, either exposed and rather hard, with the 
appendages of the body more or less adhe>*en ( ; or enclosed 
in a scaly capsule looking like a seed, and when extracted, 
soft and delicate, with the appemlages not fastened to the* 
body incapable of movement. \ 

This definition of the Diptera, or two-winged flies, is framed 
without reference to the fleas, which are wingless, or to a few 
other parasitic wingless Diptera, such as the sheep-tick. Although 
the Order is of enormous extent, these exceptional cases are 
remarkably few. About 40,000 species of Diptera have been 
discovered, but these are only a tithe of what are still unknown 
to science. The Order is not a favourite one with entomologists, 
and by the rest of the world it may be said to be detested. 
Flies do not display the sort of intelligence we appreciated^ 
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or the kind of beauty wo admire, and as a few of the 
creatures somewhat annoy us, the whole Order is only too 
frequently included in the category of nuisances that we must 
submit ta Moreover, the scavenger-habits that *are revealeil, 
when we begin to study their lives, are Very repugnant to many 
per^ns. It is therefore no wonder that flies are not popular, 
and that few are will- 
ing to study them, or A. T 

to collect them for 
obsei'vation. Never- 
theless, Diptera have 
considerable claims to 
be classed as actually 
the highest of Insects 
physiologically, for it 
is certainly in tliem 
that the processes of a 
complete life - history 
are carried on with the 
greatest rapidity and 
that the phenomena 
of metamorphosis have 
been most perfected. 

A maggot, hatching 
from an egg, is able 
to grow with such rapidity that the work of its life in this 
respect is completed in a few days ; then forming an impene- 
trable skin it dissolves itself almost comidetely ; solidifying sub- 
sequently to a sort of jelly, it in a few days reconstructs itself 
as a being of totally different appearance and habits, in all 
its structures so profoundly changed from what it was that tlie 
resources of science are severely taxed to demonstrate any 
identity of the organs of the two instars. 

A good study of the comparative anatomy of Diptera has never 
been made ; Baron Osten Sacken, one of our most accomplished 
Dipterologists, has recently stated that “ the external characters 
of the Diptera have as yet been veiy insufficiently studied.” 
We shall therefore only trouble the student with a few observa- 
tions on points of structure that are of special importance, or 
that he will find frequently alluded to. The head is remarkable 



Fi(i.212. — A Dipteron (Farn. Syrphiilne), CfifiJmia chrjfao- 
cema, Britain. A, Adult larva ; B, the puparium ; 
C. nymph, extracted from pupa ; D, iniiigo. (From 
Weyeiibergb.) 
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for its mobility, and is connected with the thorax hy a slender 
concealed neck that permits the head to undergo semi-rotation. 
A large part — sometimes nearly the whole — of the exposed sur- 
face of the head is occupied by the faceted eyes. It is usually 
the case that the eyes are larger in the male than in the female, 
and the sexual discrepancy in this respect may he very great. 
When the eyes of the two sides meet in a coadapted line of union 
the Insect is said to be “ holoptic,” and when the eyes are well 
separated “ dichoptic.” ^ The holoptic condition is specially char- 
]icteristic of the male, hut in some forms occurs in both sexes. 
Tliere is no definite distinction between holoptic and dichoptic 
eyes. The eyes may be enormous, Fig. 238, without actually unit- 
ing, and in the cases where actual contiguity occurs, it takes place 
in different manners.'^ The eyes am frequently during life of 
brilliant colours and variegate with stripes or spots ; this con- 
dition disappears speedily after de^itli, and it is iincertain what 
the use of this coloration may The eyes are frequently 
densely set with hairs between the almost innumerable facets. 
These facets frequently differ in size according to their position 
in the organ. The curious double eye of the male Bihio (cf 
Fig. 224) is well worth notice. There are usually three small 
ocelli placed very near together on the middle of the summit of 
the head. 

The antennae are of considerable importance, as. they offer 
one of the readiest means of classification. The families plticed 
by systematists at the commencement of tlic Order have antennae 
similar to those of the majority of Insects, inasmuch as they 
consist of a series of segments approximately similar to one 
another, and arranged in a linear manner (Fig. 213, A). The 
number of these joints is never very great, hut reaches sixteen 
in certain Tipulidae, and faills as low as eight in some llibionidsic. 
In certain cases where the antennae of the male are densely 
feathered {Chiro7iomu8, e.g.), the nuinl)er of joints is in that sex 
greatly augmented, but they ai’e imi)erfectly separated. This 
form of antenna gives the name Nemocera to the first series of 
Diptera. The majority of flies have antennae of audther form, 

^ Osten Sacken, Tr, ent. Soe, London, 1884, p. 501, and Berlin, cut. ZeUaikr. 
zxxvii. 1892, p. 423, etc. 

* Osten Sacken has recently discussed the intermediate conditions, and proposed ^ 
the name “ pseudholoptic " for some of them, Berlin, eni. Zeitsehr. xli. 1896, p. 367. * 

* Girschner, Berlin, ent. Zeitsehr. xxxi. 1887, p. 15.5. 
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peculiar to the Order, viz. three segments, tlie outer one of 
vrhich is of diverse form, according to the genus or 8i)ecies^ a*nd 
bears on its front a fine projecting bristle, frequently feathered, 
as in Fig. 213, F ; and often distinctly divided into two or more 
joints. This form of antenna is found in the series Aschiza and 
ScHizophora ; it is well exemplified in the common house-fly, where 
the organs in question hang from the forehead, and are placed in 
a hollow formed for their reception on the Iront of the liead. 
Flies with this form of antennae are called Athericeieus. between 
the two forms of antennae we have mentioned there exists wliat 
may, speaking roughly, be called an intermediate condition, or 



Fia. 213. — Antennae of flies. A, The two antennae of Ulaphymptara pieta (Myceto- 
philiiliie) ; B, antenna of Hexatmna pdlucens (Tabanidac) ; C, oiAitiluscfahroniftmnM 
(Asiliilae) ; D, of Le,pii8 scolqpacea (Leptidae) ; E, of Dolichttjnis umluhilm (Doli- 
chopidae) ; F, of Volwdla brnbylam (Hyrphidae). (After Wandollcuk.) 

rather a variety of intermediate conditions, associated in the 
scries Brachycera (Fig. 213, B to D).^ Here there ai-e three 
(sometimes one or two) segments and a terminal appendage, 
but the appendage is usually compound (often so distinctly com- 
pound that it is evidently a series of partially, or even completely, 
separate joints. Fig. 213, B) : the appendage in these cases is ter- 
minal, that is to say it is placed, not as in the Eumyiidae on the 
front of the joint that bears it, but (in the great majority of 
Brachycera) at the tip thereof; this appendage is often conical 
and pointed, often hair-like. Exceptional forms of antenna are 
found in \he parasitic flies of the series Pupipara. In tlie Order 
generally the two basal joints of the antennae are evidently 
distinct in function from the others, and form the ** scajie ; the 

^ It may be well to ren^ark that this name was formerly aiiplicd to all Diptera 
except Neniocera. 
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part of the antenna beyond the scape is called the flagellum ” ; 
an appendage of the flagellum is called '' arista when bristle- 
like, when thicker “ style.” In the basal joint of the antenna 
there is a complex nervous structure known as Johnston’s organ. 
It is specially well developed in Culex and Chironomns, and is 
larger in the male than it is in the female. Child has found 
something of the kind present in all the Diptera he has 
examined, and he considers that an analogous structure exists in 
Insects of other Orders. He thinks it is concerned with the 
perception of vibiution, there being no sharp distinction between 
auditory and tactile sensation.^ 

About one-half of the Diptera possess a peculiar structure 
in the form of a head-vesicle called *'ptilinum.” In the fly 
emerging from the pupa this appears as a bladder-like expansion 
of the front of the hciid ; being susceptible of great distension, it 
is useful in rupturing the hard shell in which the creature is then 
enclosed. In the mature fly the gtilinum is completely intro- 
verted, and can lie found only by dissection ; a little spice, the 
" lunula,” just under an arched suture, extending over the point 
of insertion of the antenae remains, however, and offers evidence 
of the existence of the ptilinum. This stnicture is also of 
importance in classification, though, unfortunately, it is difllcult 
to verify.*^ 

No point of Insect morphology has given rise to more differ- 
ence of opinion than the mouth of Diptera ; and the subject is 
still very far from being completely understood. The anatomy 
and morphology of the mandibulate Insect-mouth are compara- 
tively simple (though not without greater difliculties than are 
usually appreciated) ; and it has been the desire of morphologists 
to «homologise the sucking mouth of Diptera with the biting 
mouth ; hence the view that the appendages of three segments 
are separate and distinct in the fly’s mouth is taken for granted,, 
and it is further assumed that some of the secondary parts of the 
appendages of the biting mouth can also be recognised in the 
sucking mouth. The anatomy of the mouth-pirts is, however,^ 

* ^ Zool, Jm, xvii. 1894, p.^35, and Ann. Nat. Hist. (6) xiii. 1894, p. 372 ; ZeUs^r. ' 

un'tB. Zaol. Iviii. 189.1, ji. 475. 

* Cf. Osten Sackoii, ttfrlin. ent. Zeitsehr. xxxviii. 1893 ; »nd Bccher,- Wien, ene.y 
Zeit. i. 1882, p. 49. For an account of the condition, with diagrammatic figures,-; 
of the fly emerging from the pupa, cf. Sasatti, J. Cktll. Japan, i. 1887. p. 34^ 
pi. vi. i 
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subject to great diversity of structure within the liinits of the 
Order itself, even the two sexes in some species differing pro- 
foundly in this respect.^ In the majority of the family Oestridae 
tlie mouth-parts are practically absent, and no definite entry to 
the alimentary canal can be perceived (Fig. 245). Besides this 
condition and its antithesis (Fig. 214), the complex assemblage 
of lancets seen in the Breeze-flies that draw blood, there is a 
great variety of other anatomical conditions. 

* ‘ Fio. 214. — Mouth - partH of 

the common hlo^-suek- 
ing Ity, iiaemato^iota 
pinnttJis 9* A, Viewed 
from beiicnth, the pro- 
boscis removed ; 
].‘ibruni ; />, />, ciiltelli 
(maiidii)les of other 
uiiatomists) ; c, c, scnl- 
pella (maxillae of other 
nnatomistH) ; r/, part of 
ventral scutum of second 
metnmerc ; c, e,/./. parta 
of palpi ; hypopharyiix 
and pellucid salivary 
«luct ; //, salivary recep- 
tiurle ; if salivary duct ; 
X; membranous part of 
aecond metamere ; ^ 
pliaryiix : B, labriim. 
pharynx, hypopharyiix, 
separateil, seen from 
beneath ; a, labrum ; K 
hypopharyiix; r, salivary duct; (4 pharynx; protractor muscles: C, prolmscia 

(labium) from Ijcneath ; («, scutum proboscidis ; r, labella ; ti, cf, retractor muscles. 

(AUer Meiiiert). 



Although, as we have said, great diversity of opinion 
exists, yet on the whole the majority of Diptcrologists accept a 
view something to the following effect: — the labrum, or the 
labrum combined with the epipharynx, is frequently much;, pro- 
longed ; the tongue — hypopharyiix — may also be much prolonged, 
and may form, in apposition with the labrum, a more or less im- 
perfect tube for ingestion of the nutriment ; the labium is more 
or less membranous or fl^hy, and acts as a sheathing organ, its 
tips— called labella — being in some cases developed to a quite 
extraorSinary extent. As to the other parts of the inouth there 
is less agreement; the pointed organs (Fig. 214, A, h b) are by 

^ It is frequently said that one sex of a single species may l)c dimorphic in this 
resxiect, but we shall subsequently mention (in Blepliaroccridac) that this is not 
yet aufliciently established. 
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many identified a8 mandibles, while another pair of pointed pro- 
cesses (c c) are considered to be parts of a maxilla, and the palpi 
(//) some considered to maxillary palps. The Danish 

entomologist, Meinert, has published the best anatomical descrip- 
tion of many of the diverse kinds of Dipterous mouth.^ He, 
however, takes a different view of the niori)hology ; he considers 
that not only may parts of the appendages of the mouth be much 
modified <luring the early stages of the individual development, 
but that tiiey may be differently combined, even parts of the 
appendages of two segments l)eing brought together in intimate 
combiiiation. He has also pointed out that the mandibulate and 
sucking mouth arc mechanical implements constructed on opposed 
principles ; the main object of a biting mouth l)eiug the fixing 
and perfecting of the aiticulations ()f the mouth, so that great 
power of holding may be attained with a limited but definite 
power of movement. In the sucking mouth the parts are in- 
timately associated for simple protrusion. Hence the two kinds 
of mouth must have been distinguished veiy early in the 
phylogeny, so that we must not expect to find a great corre- 
spondence between the yuirts of biting and sucking moutha 
He apparently also considers that not only the iippendages of 
a head-s(3gnient, but also part of the body of the segment, may 
be used in the construction of the mouth-organa Meinert’s 
views allow a much greater latitude of interpretation of the parts 
of the Dipterous moutli ; had he contented himself with enun- 
ciating them in the manner we have followed him in summarily 
describing, they would have Ijeen recognised as a formidable 
obstacle to the facile adoption of the ordinary viewa He has, 
however, ticcompauied his general statement with a particular 
interpretation and a distinct nomenclature, neither of which is it 
possilde to ado])t at present, as they have no more justification 
than the ordinary view. So that instead of one set of doubtful 
interpretations we have two.* In so difficult a question as homo- 
logising the trophi of different Orders of Insects we ought to use 

^ Flmrms Mufiddele, Ciipeiihmjeii, 1881, 91 pp. 6 plates ; Knt. Tid8h.\ i. 187.9, 
p. 150 ; Becher having given {Denk. Ak. Wien. xlv. 1882, p. 123) an interprete- 
tioii different from that of Moinert, this author sot forth his general views in 
Zool. Anz, v. 1882, pp. 570 and 599. 

* The reader should not siipjiose that there are only two views as to the Dipterous 
mouth, for actually there are several ; our object is here only to give a general idea 
.of the subject. 
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exhaustively every method of inquiry: and from this point of 
view the development is of great importance. This has, liowever, 
as yet thrown but little light on the subject, this study being a 
very difficult one owing to the profound changes that take place 
during metamorphosis, the diversity of the parts in the early 
stages of Diptera, and the possibility that tlie larval conditions 
may themselves have been greatly changed in the course of the 
phylogeny. Miall informs us, however, that in ChironomitH us 
well as in Corethra the new parts of the mouth of the imago are 
developed within those of the larva.^ This may ]^)ermit of an 
identilicatioii of the main divisions of the mouth, at any i‘ate in 
these cases. I.iOwne has to some extent traced the development 
in the blowfly, and he does not agree with the usual interpniitii- 
tion of the parts in the adult. 

The mouth is of considerable importance in the classiflcation 
of "Diptera. The Nemocera aio remarkal)le from the linear ile- 
velopment and flexibility of the palpi, which are nearly always at 
least three- or four-jointed ; this condition occurring in no other 
Diptera. The palpi attain an extraordinary development in some 
Culicidae ; in the genus Megarrhina they are nearly as long as 
the Ijody, and project in front of the head after the fashion of 
the palpi of licpidoptera. In the Brachyccra the sclerites or 
hard parts of the mouth reach a maximum of development, ami 
in Tabaiiidae (Fig. 214), Neinestrinidae and Bombyliidac*. arc. 
often quite disproportionate to the siz(». of the Insect. In many 
of the Euinyiid flies the soft parts are greatly developed, and 
capable of a variety of movement, the proboscis as a wdiole being 
protrusible, and having an elbow-joint in the middle. 

The thorax is remarkable from the absence of distinct separa- 
tion into the three divisions that may usually be so easily dis- 
tinguished in Insects. The perfect combination of the three 
segments adds much to the difficulty of arriving at general c(3n- 
clusions as to the identification of the parts ; hence considerable 
difference of opinion still prevails. It was formerly supposed 
that a siggineiit from the abdomen was added to the thorax of 
Diptera as it is in Hymeno^tera, but this has been shown by 
Brauer to be erroneous. Indeed, according to Lowiie, the abdo- 
minal cavity is increased by the addition of the small posterior 
area of the thorax ; dt being the mesophmgiiia that separates the 
^ Tr. Liwn. Soe, London (2) v. 1892, p. 271. 


44$ DIPTERA * CHAP. 

second and third great divisions of the body-cavity. The pro- 
thorax is always small, except in a few of the abnormal wingless 
forms {Mdophagm)) in Nycterihia (Fig. 248) the mesothorax 
forms the anterior part of the body ; the head and such i)arts of 
the prothorax as may be subsequently discovered to exist being 
placed entirely on the dorsum of the body. The mesothorax in 
all the winged Diptera forms by far the larger portion of the 
tlioincic mass, the prominent part of it, that projects backwards 
to a greater or less extent over the base of the abdomen, being 
the Bcutelluni. The fii*st or prothoracic stigma is remarkably large 
and distinct, and is by some called mesothoracia Another large 
stigma is placed very near to the halter (or balancer) ; the meta- 
thorax being very small. An imperfect stigma is said by Jjowne 
to exist in the blowfly near the base of the wing. The number 
of abdominal segments externally visible is very diverse ; there may 
bo as many as nine (in the male Tipula), or as few as five, or even 
four, wlien the basail segment is much concealed ; the diminu- 
tion is due to certain segments at the extremity being indrawn 
and serving as a sort of tubular ovipositor in the female, or curled 
under the body and altered in form in the other sex, so as to 
constitute what is called a hypopygium.” In the female of 
Tipulidtie the body is terminated by some horny pieces forming 
an external ovipositor. In nearly all Diptera the feet are five- 
jointed; the claws are well developed, there being placed under 
each of them a free pad or membrane, the " pulvillus ” ; there may 
be also a median structure betw^n each pair of claws, of diverse 
form, the ‘'empodium.” 

On the surface of the body of many flies there will be seen 
an armature of pointed bristles ; these flies ai-e called “ chaeto- 
phorous ” ; where no regularly arranged system of such bristles 
exists the fly is " eremochaetous,” In some families the arrange- 
ment of these bristles is of importance in classification, and a 
system of description has been drawn up by Baron Osten 
Sacken : this branch of descriptive entomology is known as 
chaetotaxy.^ , ^ 

The wings are of great importance in classifying Diptera ; 
but unfortunately, like the other parts, they have not received an 
exhaustive anatomical study, and Dipterologists are hob agreed 
as to the names that should be applied to th^ir parts. We give 
^ Tr. enl. Soc, London^ 1884, p. 497. 
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below figures of two systems that have been used by eminent 
Dipterologists for the description of the iiervures and ccdb. The 
comprehension of these features of the Dipterous wing will be fiicili- 
tated by noticing that the wing — being extended at right angles to 
the body — is divided by the longitudinal iiervures into two great 
fields, anterior and posterior, with an interval between them : 
tliis interval is tmversed only by a short cross-vein (marked x in 
rig. 215 A, and i in B). This cross-vein may lie placed near the 
base or nearer to the tip of the wing ; it is of importance because 
no nervure in front of the median area tnwersed hy it can Corre- 
ia Fid. 215 . — Nervuratinii of Dipterous 

wing. A, Wing of a Ti)>ulid, accord- 
ing to Jioew, who UhCN the following 
nomenclatiire : a, costal nervure ; 6, 
nietliasiinal ; r, Kiibcostal ; d, radial ; 
e, cubital ; /, diRCoidol ; ff, poetical ; 
Ji, anal; i, axillar; u;, traiiMvcrse, 
jft ]K.isterior trausvurNe, nervure ; 
1 , 2, mediastinal areas ; S, sub- 
costal ; 4 , cubital ; 5 , niitcrior basal ; 
6 , iiosterior liasal ; 7» anal ; 8, pos- 
terior marginal ; 9 , iliscoidal. B, 
Wing of ail Acalypterate Miiscid 
(Ortalu)^ atfconling to Schiiicr, who 
uses the following nomenclature : 
(iiervures, small letters ; cells, capi- 
tal letters) : ri, transverse shoulder ; 
A auxiliary ; e to K first to sixth 
longitudinal ; t, middle transverse ; 
k, posterior transverse; U ffh t*, 
costa ; />, anterior Imsol transverse ; 9, posterior liosal transverse ; r, rudiment of a fourth 
nervure ; a, axillary incision : A, B, C, first, second, and third costal cells ; D, marginal ; 
E, sub-marginal ; F, O, H, first, second, and thinl posterior ; I, discal ; K, Ii» H, first, 
second, ami third basal cells ; N, anal angle ; O, alula. 



epoiid with a nervure placed liehind it in another wing. The 
very different nature of the nervuration in the two wings we have 
figured will readily be appreciated by an inspection of the parts 
piisterior to the little cross-vein. On the hind margin of the 
wing, near the base, there is often a more or less free lobe (Fig. 
21 5 , B, 0) called the '' alula ” : still nearer to the base, or placed on 
the side of the body, may be seen one or two other lobes, of which 
the one ^e^iirer the alula is called the " tegula,” or (when a 
lobe behind it is also present) the " upper tegula,” (the " anti- 
tegula ” of Osten Sacken) ; the other being the " lower tegula.” 
These two terms are erroneous, the* word tegula being definitely 
applied to another part of the Insect-body. In speaking of th^ 
structure in the following pages, we have preferred to call it the 
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“ squama.” ^ Those Muscidae in. whicli the squama covers the 
halter like a hood are called" calypterate.” In Fig. 216, we 

represent these stnictures, and in 
the explanation have mentioned the 
synonyms. The terms we think 
most applicable to the three lobes 
are alula, antiscpiama, squama. The 
squama may be called "calypter” 
when it covers tlie halter. 

The halteres — commonly called 
balancers or poisers — are perhaps 
the most clmractcristic of all the 
Dipterous structures, though they are 
absent in most of the few wingless 
forms of the Order. Outside the Dip- 
tera simibir organs ap{)ear to exist 
only in male Coccidae. The pair of 
halteres is placetl on the metathorax, one on each of the pleural 
regions. They are believed to be the homologues of the hind 
wings; Weiuland states ^ that certain canals existing in the interior 
of the halter correspond to wiiig-nervures. The halter may l)c 
descril)ed as a small rod-like body with a head like a pin, this 
terminal part being, however, rather variable in form. We 
have already stated that in many Diptera the s(iuama forms a 
hood, the position of which leads to the belief that it is an 
important adjunct to the halter. Although the exact functions 
of the halteres are far from clear, it is certain that they are 
highly complex bodies, of extremely delicate structure : they are 
doubtless sense-organs, possessing as they do, groups of papillae 
on the exterior and a chordotonal organ (a structure for assist- 
ing the perception of sound) in the basa) part; each halter 
is provided with four muscles at the base, and can, like the 
wings, execute most rapid vibrations. Seeing that they are the 
homologues of wings, it is a remarkable fact that in no Diptera 
are they replaced by wings, or by structures intermediate between 
tliese two kinds of organs. 

Internal Structure. — Information about the internal anatomy 

^ Oflten Sackeii, although making uso of the terms tegula' and antitegula, 
stiggegted the propriety of using squama and antisqiiaina, as we have done. 

> ZeiUchr, teisa. Zool. li. 1891, p. 55. 



Fro. 216. — Parts at the base of the 
wing in OallipJiora. a, Anal 
angle or lolie of the wing; 5, 
alula; e, aiitisipiamo, Hquarna 
alaris, or antitegula ; d, S4{uaiiia, 
squama thorocicalis, tegula, ualy- 
pter, or calyptroii ; e, posterior 
extremity (scutellum) of the 
mesothorax ; /, scutum of meso- 
thorax. 
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is by no means extensive. The tracheal system is highly developed, 
and has air-sacs connected with it ; a large psiir at the biise of 
the abdomen being called aerostats by Dufonr. Inside the 
thoracic spiracles there are peculiar sinictnres supposed by some 
to be voice-organs, while the abdominal spiracles are siiid to bo 
remarkably sim^de in structure. Ix)wne says that there are ten 
or eleven piirs of spiracles in the Blow-fly ; one of these, near 
the base of the wing, is peculiar in structure, and may not be 
a true stigma ; he calls it a tympanic spiracle ; it seems doubtfid 
whether there are more tliaii seven abdominal pairs. The alimen- 
tary canal is very elongate, and is provided with a diverticulum, 
the crop; this is usually chilled the sucking stomacli, though its func- 
tion is extremely doubtful. The Malpighian tul)es are four in 
number, and are veiy elongate ; in several groups of Nemocera 
there are, however, five Malpigliian tubes, a number known to 
occur in only very few other Insects. Tlie nervous system is 
remarkable on account of the concentration of ganglia in the 
thorax, so as to form a thoracic, in addition to the usual cephalic, 
brain. For particulars as to the positions of the ganglia and tlu*, 
great changes that occur in the lifetime, the student should 
refer to Brandt, to Kiinckel, and to Brauer.^ Much inrormation 
as to the internal anatomy of the Blowfly is given by Lit>wne, but 
it is doubtful to what extent it is a{)plicable to Uiptera in 
general.” 

The larvae of Diptera are — so far as the unaided eye is 
concerned — without exception destitute of any kind of adorn- 
ment, the vast majority of them being of the kind known as 
maggots. None of them have 
true thoiacic legs ; though in 
the earlier groups, pseudopods 
or protuberances of the body 
that serve as aids in locomo- Fio. 217. — Acephalous larva or maggot of the 

tion are common. Unlike Wow-fly. with the head, «. extended. (After 

Lowiie . ) 

what occyirs in other Orders 

the arrangement of these pseudopods on the body differs greatly 
in variouif forms; in a few cases they are surmounted by 

* Brandt, ffame Soe, efU, Jioss. xiv. 1878, p. vii. ; xv. 1879, p. 20. Brauer, 
Ak. JFien, xlvii. 1883, pp. 12-16. Kiinckel, C.B. Ac. Paris, Ixxxrx. 1879, 
p. 491. 

^Blow-fly, 1895: in twj vols. For Anatomy of Polueella, see Kiinckel 
d'Hercuhua, Beeherehes sur Vorg, des Volucelles, Paris, 1875 and 1881. 
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curved hairs. The most important distinction in external form 

in Dipterous larvae is that while those that are thorough maggots 

possess no visible heiid, others have a well-marked one (Fig. 

225 ); these are therefore called " eucephalous ” : they have a 

mouth of the mandibulute type. In some other Dipterous larvae 

the head is more or less rediKjed in size, and in the acephalous forms 

there is only a framework of a few chitinous rods to represent 

it. The nervous system in the most wniipletely headless larvae 

is very remarkable, all the g*anglia being concentrated in a single 

maas phiced in the thorax. Tlic tracheal system exhibits a great 

variety ; some larvae have stigmata airanged along the sides of 

the l)ody after the fashion normal in Insept-larvae ; these are 

called “ peripiieustic ’* ; Jis many as ten paii-s of stigmata may be 

present in these eases, but nine paim is mucli more common. 

Other larvae have a pair of stigmata placed at the termination of 

the body, and another piir neiir the anterior extremity, the two 

pairs commuuiciitiiig Ijy large traclieiil trunks extending the 

length of the body ; these larvae are said to bo “ amphipneustic ” : 

this is the condition usual in the more completely acephalous 

larvae. Others have only the terminal i^air of sinracles, and are 

styled metapneustic.” Some l)egin life in the metapueustic state 

and afterwards become amphipneustic. In the acjuatic larva 

of Corethra there are no spiracles, though there is an imperfect 

trachetil system. Many Dipterous larvae that live in water 

or in conditions that prevent a^xess of air to the body have 

i-emarkable arrangements for keeping the tip of the body in 

communication with the atmosphere. Tlie stigmata in meta- 

pneustic and amphipneustic larviie are veiy remarkable compound 

structures, exhibiting however great diversity ; their peculiarities 

and uses are not well understood; it appears very doubtful 

whether some of them have any external opening. Eeference 

may be made, as to the variety of structure, to Meijere’s paper ^ 

from which we take the accompanying iigure of a posterior 

stigmatic appaJatus in TApara hicem. It appeal’s that there is a 

compound chamber — Filzkammer ” — terminating externally in 

lobes or lingers — “Knospen” and appearing as imftks on the 

outer surface: this cliamlwr is ^ted on a tracheal tube, and is, 

Meijere thinks, probably a secondaiy growth of the trachea 

coming to the outer surface. ' It is traversed by what may be 

^ Tydsehr, JSni, zxzviii. 1895, pp. 66-100. 
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considered the original tracheal J;ube, opening externally as an 
external stigmatic scar — “ Stigineniiarbe 
or inner scar placed internally. We may 
conclude from what is already knowii 
that these structures will be found to 
differ in the same larva according to the 
stage of its development. 

An extremely valuable summaiy of 
the charsiicters and variety of Dipterous 
larvae has been given by Brauer,^ from 
wliich it appears that the larvae of tlie 
first lialf of the ftgnily exhibit great 
variety and have been much studied, 
while the more purely maggot-like forms 
of the Muscidae have, with one or two 
exceptions, been little investigated. 

The pupal instar is of two distinct 
kinds. First, we meet with a pupa like that 
of Tjepidoptera, vi/.. a mummy-like object, 
or pupa obtecta, in which there is a crisp outer shell, fonneJLl 
in part by the adherent cases of the appendages of the future 
imago. Tliis condition, with a few exceptions to be subsequently 
noticed, obtains in the Neinocem and Braehycera. It is exhibited 
in various degrees of perfection, being most complete in Tipulidae ; 
in other forms the shell is softer and the ap];>eudages mom pro- 
tuberant. The second kind of pupa is found in the Cyclor- 
rhaphous flies; it has externally no marks except some faint 
circular rings and, frequently, a pair of projections fmm ’ near 
one extremity of the body ; occasionally there is a single pro- 
minence at the other extremity of the body. This condition is 
due to the fact that the larva does not escape from the skin 
at the last eedysis, but merely shrinks within it, so that the 
. larval skin, itself contracted and altered by an exemtiun of 
chitin, remains and forms a perfect protection to the included 
organism. This kind of pupa looks like a seed, and is well 
exeinplifiecf by the common Blow-fly. The capacity for entering 
on such a condition is evidently correlative with the absence of a 
larval head. The metamorphosis in this curious little barrel 
goes on in a different manner to what it does in the puxM 
^ Denk, Ak, JVien, xItu. 1883, i»p. 1-100, pin. i.-v. 


-and with a second 



Fici. iJ18. — The posterior 
stigma of the larva of Lip^ 
am I nee Its. a, One of the 
three ** Knospeii ” or IoIhjs ; 
6, external stiginutiu scar ; 
c, internal scur ; il, stig- 
iiiatiu chaiiilxir (Filzkani- 
iner) ; trachea. (After 
Mcijere.) 
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obtecta. A good name for the whole structure of this instar 
has not l)eeii found. Older authors called it “ pupa coarctata, 
or " nympha iiicliisfi ” ; Brauer speaks of it as a " compound 
pupa ” ; ordinarily in our language it is called a " puparium, a 
term which is more applic4ible to the case alone. 

In species having a jiiipa obtecta the larval skin is cast after 
the chief ]»roceHseH of the external metamorphosis have occurred, 
and then an exiulation of chitin hardens the general surface. 
Ill the coinpoiind pupa ” of the Blow-fly there is for a consider- 
able period no formed pupa at all, but merely a shell or case 
containing the results of histolysis and tlie centres for regenera- 
tion of new organs ; the chitin-exudation to the exterior of the 
larval skin occurs in the early pirt of the series of metamorphie 
changes, and tlie organism breaks down to a ci'eam within the shell 
thus formetl, and then gradually assumes therein the condition of a 
soft, nymphoid ]iiip^ The exceptional conditions previously re- 
ferred to SIS exhiliited by a few forms are certain cases in which a 
moi'e or less pu'fect pupa obtecta is found within the last larval 
skin, as is the c^use in Stralioniys. Another highly remarkable 
condition exists in the Hessian fly, and a few other Cecidomyiids, 
where the Insect apparently makes an exudation which it uses 
as a covering c^lw^, independent of the larval skin ; this latter 
Ixiing subsequently shed inside the case, so that this condition 
of coaictate pupa diftei's from that we have described as exist- 
ing in CyeloiThaphous flies, althcngh the two are superficially 
similar. In the Tupipara the larval stage is passed in the body 
of the mother, which proiluces a succession of young, iiourislied 
one at a time by the seci-etion of glands ; this young is born as 
a full-grown larva that becomes at once a pupa. 

Metamorphosis. — As it is in Diptera that the phenomena 
of Iiisect-metamoiphosis have reached their highest develoimient 
we endeavoured to give some idea of their nature in the previous 
volume, therefore we need give only a brief sketch of the chief 
features of Dipterous metamorphosis. The Blow-fly undergoes a 
rapid embryonic development, the later stages of which are, on 
the whole, of a retrogressive nature. On the emergdhee of the 
young maggot it feeds up rapidly, the rapidity varying greatly 
according to circumstances, and then when full-grown rests. 
While resting, a process of internal liquefaction, called histolysis, 
is going on, and the maggot contracts and exudes an excretion 
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that hardens its skin. At the time this hard skin has become 
cdmplete, or soon after, the maggot inside has dissolved into a 
cream contained in a sac inside the shell; this cream becomes 
reconstituted into a ily by a gradual process of growth and 
development of certain minute portions of the body — the 
imaginal discs or folds, the histoblasts and neuroblasts that 
were exempt from the histolytic process: in the early stages 
of the reconstitution the general structure is, of course, altogether 
vague, and this condition — purely one of transition — is called 
the pronymph; the nympli becomes gradually devedoped: it 
corresponds vaguely with the pupa obtccta of tlie early groups 
of Diptera, but is soft like the pupa of Hyiiienoptera. Iliis 
nymph gradually develops into the ily itself, the external 
parts being first completed and the internal oi'gans elaborated 
subsequently. The sexual organs do not undergo metanioqdiosis 
like other internal organs, there being a gmdual (though ir- 
regiilar or ' interrupted) growth of them in the young laiva, till 
they are completed some time after the emergence of the ]:)erfect 
fly. The processes in the Blow-fly have been studied by numerous 
able histologists of various nationalities, and have recently been 
described by Lowne in our own language.' (Comparatively little 
has been done in studying the corresponding phenomena in other 
Diptera. Wcismaiiii has investigated tlie development of Corelhra, 
and Miall that of Ghirommus. These two flies belong to a division 
of Diptera different from that which includes tlie Blow-fly, and 
they display a condition of the metamorphic pnieesses allied to 
what occurs in Jjepidoptera, as well as to that which takes place in 
the Blow-fly. Imaginal folds are formed, but they only appear 
much later in the life, and they are much less distant from the 
positions they will, when developed, occupy in the imago. In 
ChirommvA^ according to Miall, the imaginal folds only appear 
in the last larval instar, but they grow with sucli rapidity that 
the legs and wings of the future fly Ciin be distinguislied in the 
larva, even before pupation ; thus when the activity of the larva 
ceases but little change is required to complete the obtected 
pupa. In the Blow-fly some of tlie imaginal folds have been 

^ Since our brief and imperfect sketch of metamorphosis ap^icared in Vol. V. of 
this series, Pacliard has treated the subject more fully in his Text-hook of Ento^mlogy^ 
New York, 18Q8 ; and Prattfiias summarised the state of knowledge as to imaginal 
discs in Psyche, viii. 1897, p. 15, etc. 
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traced back to the embryo; how many centres, for the new 
growth there may be is uncertain, for though there are ypwafds 
of sixty for the outer body, the number of legenerative cehtres 
for the internal organs is not ascertained. The peculiar central 
nervous mass, mentioned in our remarks on the Lirva, consists of 
two kinds of tissue mixed together in a complex manner ; one 
of these kinds is functionally <ictive during tlic larval life and 
at the metamorphosis undergoes histolysis, while the other, or 
embryonic, portion develops into the nervous system of the fly. 

It forms no part of our task to deal with general subjects, 
but we may bo pardoned for calling attention to the bearing the 
metamorphosis of the higher Diptera has on our ideas of heredity 
ill Insects. The fly bears no resemblance whatever to the larva, 
and is only obtained by the organic destruction of the latter, 
which &icurs before the ]jerfection of the sexual organs takes 
place, and yet the fly reproduces itself only secondarily, but 
primarily gives rise to the totally different larva. It is supposed 
that the larval structures have been gradually acquired, and yet 
they are transmitted with the utmost faithfulness by the totally 
different fly. We can only conclude that that which is bequeathed 
in each species is the early shite of a particular process of develop^ 
ment from which the subsequent stages follow necessarily if the 
developing organism be placeil in conditions having on it in- 
fluences like to those that influenced the ancestors. 

Olassiflcation. — The classifleaiion of Diptera is as yet very 
imperfect. Formerly they were divided into two great groups, 
Nemocera and Brachycera, according to the structure of the 
antennae, as previously mentioned. This division has been 
abandoned, and the term Brachycera is now applied to only a 
small part of the old section that bore the name. The primary 
division usually adopted at jiresent is into Orthorrhapha and 
Cyclorrhapha. The characters of these two groups are based 
on the nature of the metamorphosis, and have been gradually 
elaborated by Brauer in ,various memoirs.^ The Orthorrhapha 
includes the forms with obtected pupae, the Cyclorrhapha those 
with a nymph-compound, as previously described. This^distinction 
is of great importance, but imfortunately it is difficult to apply 
to the fly itself; the only character that can be used in connec- 

* Monoghiph of Oestridae, Verh. Ge§. Wien, 18B3, and other papers op. eit. 
1864, 1867, 1869 ; also Denk. Ah, Wien, zlii. 1880, xlvii. 1883.* 



VII CLASSIFICATION , 455 

^ ^ — ^ 

tion with the jmago is the existence of a suture over the insertion 
of the - antennae in a portion, but not all, of the Gyclorrhapha.' 
The next set of divisions used by Brauer divides the Order into 
four sections, viz. 1. Orthorrhapha Keroatocera, 2. 0. Brachycera, 
3. Gyclorrhapha Aschiza, 4. G. Schizophora. As these four 
groups are recognised more readily than the two major groups 
the student will do well at first to disregard the primary division 
and consider the Diptera as divisible into four great groups. To 
these four divisions we, however, add temporarily a fifth, viz. 
Pupipara. This is included by Brauer in Schizopliora, but it 
appears to be really an unnatural complex, and had better be 
kept separate till it has been entirely reconsidered. These 
great sections may be thus summarised : — 

Series 1. Orthorrhapha Nenwrera , — Antennae with more than 6 segments, 
not terminated by an arista ; with the segments of the^ flagellum 
more or less similar to one another. Palpi slender and flexible, 
four- or five-jointed.* 

Series 2. Orthorrhapha Brachycera, — Antennae variable, biit never truly 
Nemot^rous nor like those of Gyclorrhapha; when an arista is 
* present it is usually placed terminally, not superiorly ; when an 
arista is not present the flagellum tenninates as an appendage 
consisting of a variable number of indistinctly separated segmentH ; 
thus the flagellum is not composed of similar joints ; [rarely are the 
antennae as many as seven-jointed]. Palpi only one- or tWo- 
jointed.* Around the insertion of the antennae there is no definite 
arched suture enclosing a small depressed spaca The nervuration 
of the wings is usually more complex than in any of the other 
divisions. 

Series 3. Cyclorrhapha Aechim, Antennae composed of not more than three 
joints and an arista ; the latter is not terminal Front of head 
without definite arched suture over the antennae, but frequently 
with a minute area of different colour or texture there. This group 
consists of the great family Syrphidae, and of four small families, 
viz. Conopidae, Pipunculidae, Phoridae, and Platypezidae. The 
section is supposed to be justified by its being Cyclorrhaphous in 
pupation, and by the members not possessing a ptilinum (or having 
no trace of one when quite mature). The Syrphidae aie doubtless 

^ Becher, WUn, Ent, ZeU, i. 1882, p. 49 ; fill observation on connecting forms 
see Brauer,«PerA. Ocb, Wien, xl. 1890, p. 272. 

* The palpi are said to be of only one segment in rome genera of Cecidomyiidae. 
The Cecidomyiidae arc easily distinguish^ by the minute size— body not more 
than a line long— and by there not being more than six nervules at the periphery 
of the wing. Aides (Cnlicidae) has also short palpi. 

* It is said by Schiner tliat in the anomalous genus Nemestrina the palpi are 
of three segments. 
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a natural group, hut the association with them of the other 
families mentioned is a mere temporary device. The greatest 
ditHuulty is experienced in deciding on a position for Phoridae, as 
to which scarcely any two authorities are agreed. 

Series 4. Cyclorrhupha Hchizophora, or Eumyiid flies. The antennae consist 
of three joints and an arista. In the CalypI ratae the frontal suture, 
or fold over the antennae, is well markeii and extends' downwaids 
along cioch side of the face, leavitig a distinct lunule over the 
antennae. In the Acalyptrate Muscids the form of the head and 
of the aTitennae vary much and are less characteristic, but the 
wings differ from those of Brachycera by their much less complex 
nervuration. 

Series 5. Pupipara. These are flics of abnormal habits, and only found in 
connection with living Vertebrates, of wliich they suck the blood 
(one 8])ecit«, Hraula eaeeuy lives on bees). Many are wingless, 
or have wdiigs reduc^ in size. The young are pitxluced alive, 
full grown, but having still to undergo a metamor|>bosia. This 
group consists of a small mimlK^r of flies of which some are 
amongst the most aljerrant known. This is specially the case with 
the Nycteribiidae. This Section will ))rol)ably be gimtly modified, 
as it is far frt)m being a natural assemblage.^ 

The Sub-Oitler Aphuniptera, or Flciis, considered a distinct Order by many 
entomologists, may for the present be placed as a part of Diptera. 

It must be admitted that these sections are far from satis- 
foctoiy. Brauer divides them into Tribes, based on the nature 
of the larvae, but these tribes arc even more unsatisfactory than 
the sections, hosts of species being entirely unknown ill the 
larval state, and many of those that are known having been very 
inadequately studied We must admit that the classification of 
Diptera has at present advanced but little beyond the stage of 
arranging them in natural families capable of exact definition. 
We may, however, draw attpntioii to the attempt that is being 
made by Osten Sackeii to remodel the classification of the Nemo- 
cera and Brachycera by the combination of families into super- 
families.^ He proposes to divide the Neinocera into two super- 
families: 1. Neiiiocera Vera, including all the families from 
Cecidomyiidae to Tipulidae ; 2. Nemocera Anoniala, consisting of 
the small families Bibionidae, Siniuliidae, Blepharoceridae, Ehy- 
phidae and Orphnephilidae* 

For Ortliorrhapha Brachycera he adopts the followii^ arrange- 

' For tables of the families of flies the student may refer to Loew, SmUhaon- 
mae. Coll vi. Art. i. 1862; to Bmuer, Denk, Ak\ Wien, xlii. 1880, p. 110 
(Orthorrhapha only) ; to Williston, Manual of N, American Diptera, 1896 ; to 
Bohiner, Fauna auatriaea, Diptera, Vienna, 1860, etc. t 

^ Berlin, ent. ZeUaekr, xxxvii. 1892, p. 865, and xli. 1897, p. 365. 
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meut : 1. Super-family Eremochaeta, for Stratiomyidae, Tabauidae, 
Acauthomeridac and Leptidae ; 2. Tromoptera, for Nemestriuidae, 
Acroceridae, Bombyliidae, Therevidae, and Scenopinidae ; 3. Ener- 
gopoda, for Asilidae, Dolichopidae, Empidae and l-ioiichopteridae, 
Phoridae being included with doubt ; 4. Mydaidac remains isolated. 

This classification is based on the relations of the eyes and 
bristles of the upper surface, and on the powers of locomotion, 
aerial or terrestrial. At present it is not sutliciently precise to 
be of use to any but the very advanced student. 

Blood-suddng Diptera. — Tlie habit of blood-sucking from 
Vertebrates is, among Insects, of course confined to those with 
suctorial mouth, and is exhibited by various Diptera. It is, 
liowever, indulged in by but a small number of species, and 
these do not belong to any special division of the Order. It is 
remarkable that as a rule the habit is confined to the female sex, 
and that a large proportion of the species have aquatic larvae. 
This subject has many points of interest, but does not apxiear to 
have yet received the attention it merits. We give below a 
brief summary of the facts as to blood-sucking Diptera. 

Series 1. Keinocera — In this section the habit occurs in no less 
than five families, viz. : 

Blepharoceridae. Curupira ; in the female only ; larva ai^uatic. 
(Julicidae. Cvlex^ Mosquitoes; in tlie female only; other 
genera, with one or two exceptions, do not suck blood; 
larvae aquatic. 

Chironomidae. Ceratopogon, Midge ; in the female only ; ex- 
ceptional even in the genus, though the habit is said to 
exist in one or two less known, allied genera ; larval habits 
not certain ; often aquatic; in C. hijmnetaitLS the larva lives 
under moist bark. 

Psychodidae. PhlebotomtLS : in the female only(?); quite ex- 
ceptional in the family ; larva aquatic or in liquid filth. * 
Simuliidae. SimtUium, sand-flies; general in the family (?), 
which, however, is a very small one ; larva aquatic, food 
prolSably mixed vegetable and animal microscopic organisms. 
Series II. Brachycera. Tabanidae. Gad-flies : apparently general 
in the females of this family ; the habits of the exotic forms 
but little known ; in the larval state, scarcely at all known ; 
some are aquatic. 
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Series IV. Cyclorrhapha Schizophora: Stomoxys, Haematohia ; 
both sexes (?) ; larvae in dung. [The Tse-tse flies, Olossina^ 
are placed in this family, though their mode of parturition is 
that of the next section]. 

Series V. Pupipara. The habit of blood-sucking is probably 
common to all the group and to both sexes. The flies, with 
one exception, frequent Vertebrates; in many cases living 
entirely on their bodies, and appai*cntly imbibing much blood ; 
the larvae are nourished inside the flies, not on the imbibed 
blood, but on a milky secretion from the* mother. 

Sub-Order Aphaniptera. Fleas. The habit of blood-sucking is 
common to all the members and to both sexes. The larvae 
live on dried animal matter. 

Fossil Diptera. — considerable variety of forms have beeif 
found in amber, and many in the tertiary befls ; very few membei's 
of the Cyclorrhaphous Sections are, however, among them ; the 
Tipulidae, on the other hand, ai'o richly rex)resented. In the 
Meso/oic epoch the Order is found as early as the Lias, the 
forms being exclusively Orthorrhaphous, both Nemocera and 
Kracliycera being represented. All are referred to existing 
families. Nothing has been found tending to connect the 
Diptem with other Orders. No Palaeozoic Diptera are known. 

Series L Orthorrhapha Nemocera 

Fam. 1. Oecidomyiidae. — An extensive family of ve'ry minute 
and fragile flies, the wings of which have very few nervures ; the 
^aivtennae are rather long, and are furnished with whorls of hair. 
In the case of some species the antennae are beautiful objects ; 
in Xylodiplosis some of the hairs have no free extremities, but 
form loops (Fig. 220). In the males of certain species the* 
joints appear to be double, each one consisting of a neck and a 
body. Although comparatively little is known as to the flies 
» themselves, yet these Insects are of importance oh account of 
their preparatory stages. The larvae have very diverse habits 
the majority live in plants and form galls, or produce defor- 
mations of the leaves, flowers, stems, buds, or roots in a great 
variety of ways; others live under bark^or in animal matter; 
some are predaceous, killing Aphidae or Acari, and even other 
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Gecidomyiids. The North American Diplosis rednicola lives in 
the resin exuded as the results of the attacks of a caterpillar. 
The larva burrows in the semi-liquid resin, and, according to 
Osten Sacken,^ is probably amphipueiratic. Cecidomyiid larvae 
are short maggots,, narrowcil at the two ends, with a very small 
head, and between this and the first thoracic segment (this bears a 
stigma), a small supplementary segment ; the total numlier of segr 
ments is thirteen, besides the head; there are eight pairs of stigmata 



Fig. 219. — Ce4ndfmyia {DiploaUi) bifxi. 
Britain. A, Ijarva, magiiifled ; B, 
pupa ; C, imago ; D, portion of an- 
tenna. (After Laboulb^ne.) 



Fio. 220. — One secpnent of nn- 
tenna of Xylodiploais sp. ; a, 
Tip of one segment ; b, base of 
another. (After Janet.) 


on the posterior part of the body. Brauer defines the Cecido- 
myiid larva thus, “ peripneustic, with nine pairs of stigmata, the 
first on the second segment behind the head ; two to nine on fifth 
to twelfth segments ; body as ^ a whole fourteen - segmented 
without a fully-formed head.” The most remarkable peculiarity 
of Cecidomyiid larvae is that those of many species possess a 
peculiar organ— called breast-bone, sternal spatula, or anchor- 
process — projecting from the back of the lower face of the pro- 
thoracic segment. The use of so peculiar a stiiicture has been 
much discussed. Aqcording to Oiard,^ in addition to the part 
1 Tr, Amer, ent. Soe, iii. 1871 , p. 845 . ^ Bull. Soe. ent. France, 1898 , p. Ixxx. 
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that protrudes externally, as shown in Fig. 2 1 9 , A, there is a longer 
portion concealed, forming a sort of han<lle, having muscles 
attached to it. Some of tliese lai'vae liave the power of executing 
leaps, and lie states that such larvae are provided on the terminal 
segment with a pair of corneous pipillae ; bending itself almost 
into a circle, the larva hooks together the breast-bone and 
the iijipillae, and when this connection is broken the spring 
ocKinis. This faculty is only possessed by a few species, and it 
is probable that in other cases the spatula is used as a means for 
changing the j) 08 ition or as a perforator. Some of the larvae 
possess false feet on certain of the segments. Williston says 
they probably do not moult. In the juipal instar (Fig. 219, B), the 
Cecidomyiid greatly resembles a minute licpidopterous pupa. 
The Hessian fly, CeeMomyia destrioctor, is frecpiently extremely 
injurious to crops of cereals, and in some parts of the world 
commits serious depredation. The larva is lodged at the point 
wliere a leaf enwraps the stem ; it produces a weakness of the 
stem, which consequently bends. This Insect and C. tritici (the 
larva of which attacks the flowers of wheat) pui)ate in a very 
curious manner : they form little compiict cases like flax-seeds ; 
these have been supposed to be a form of puj>a sihiilar to what 
occurs in the Blow-fly ; but there are important distinctions. The 
larva, when about to undergo its change, exudes a substance from 
its skin, and this makes tlie flax-seed ; the larval skin itself does 
not form part of this curious kind of cocoon, for it may be found, 
iis well iis the pupa, in the interior of the " flax-seed.” Other 
Cecidomyiids form cocoons of a more ordinary kind ; one species, 
described by Perris as living on Finns niarithna, has the very 
remarkable faculty of surrounding itself, by some means, with a 
cocoon of resiiu Walsh describes the cocoon-forming process of 
certain Cecidomyiids as one of exudation and inflation ; Williston 
as somewhat of the nature of crystallisation. Some Cecidomyiids 
are said to possess, in common with certain other Diptera, the 
unusual number of five Malpighian tubes ; and Giard says that 
in the larva there is only a pair of these tubes, and that their 
extremities are united so as to form a single tube,* which is 
twisted into an elegant double loop. 

Thirty years or more ago the Russian naturalist, Wagner, made 
the very remarkable discovery that the 4rva of a Cecidomyiid 
produces young ; and it has since been found by Moinert and 
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others that this kind of paedogenesis occurs in several species of 
the genera Miastor and OligarceB. The details are briefly as 
follows : — A female fly lays a few, very large, eggs, out of 
each of which comes a larva, that does not go on to the 
perfect state, but produces in its interior young larvat*. that, 
after isonsiuning the interior of the body of the parent larva, 
escape by making a hole in the skin, and thereafter subsist 
externally in a natural manner. This larval reproduction may 
be continued for several generations, through autumn, winter, 
and spring till the following summer, when a generation of the 
larvae goes on to pupation and the mature, sexually perfect fly 
appears. Mucli discussion has tiiken place as to the mode 
of origination of the larvae; Cams and others thought they 
were produced from the rudimeiital, or immature ovaries of the 
parent larva. Meinert, who has made a special study of the 
subject, ‘ finds, however, tliat this is not the case ; in the repro- 
ducing larva of the autumn there is no ovary at all ; in the re- 
producing larvate of the spring-time rudimentary ovaries or testes, 
as the case may be, exist ; the young are not, however, produced 
from these, but from germs in close connection with the fat- 
body. In the larvae that go on to metamorphosis the ovaries 
continue their natural development. It would thus appear that 
the fat-body has, like the leaf of a Begonia^ under certain circum- 
stances, the power, usually limited to the ovaries, of producing 
complete and perfect individuala 

Owing to the minute size and excessive fragility of the Gall- 
midge flies it is extremely difficult to form a collection of them ; 
and as tlie larvae are also very difficult of preservation, nearly 
every species must have its life-history worked out as a special 
study liforc the name of the species can be ascertained. Not- 
withstanding the arduous nature of the subject it is, however, a 
favourite one with entomologists. The number of described and 
named forms cannot be very far short of 1000, and each year secs 
some 20 or 30 species added to the list. The number of unde- 
scribed forms is doubtless very large. The literature of the subject 
is extensi^ and of the most scattered and fragmentary character. 

The Cecidomyiidae have but little relation to other Nemocera, 
and are sometimes called Oligoneura, on account of the reduced 
number of wing-nervures. Their larvae are of a peculiar type 
1 Naturhiat, Tidahr. (3) viii. 1874, p. 34, pi. xii. 
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that does not agree with the larvae of the allied families having 
well-marked heiuis (and therefore called Encephala), iior with the 
iicephalous maggots of Eumyiidae. 

Fam. 2. Mycetophilidae. — Tht»t small flies are much less 
delicate creatures than the Cecidomyiidae, ami have more ncrvures 
in the wintjs ; they 'possess : ocdli, and frequently have the coxae 
dongaied, and in some cases the legs adorned ivith complex arrange- 
ments of spines : their antennae have not whorls of hair. Although 
very much neglected there are probably between 700 and 1000 
species known ; owing to many of their larvae living in fungoid 
matter tlie flies are called Fungus-gnata We have more than 
100 species in Britain. Epidapus is remarkable, inasmuch as 
the female is entirely destitute of wings and halteres, while 
^ the male lias the halteres 

A developed but the wings of 

fl \ \ / Oj reduced size. E. scahiei 

JB J pSf excessively minute fly, 

m ~ ^ common flea, 

m it® larva is said to be 

m imjurious to stored 

m f ^ x W \ ^ ^ Hf l^t*itoea The larvae of 

H J ^ Mycetophilidae are usually 

* Jr c 0 y 0 jy elongate, worm -like 

« maggots, but have a distinct, 

Pia. 221. — Atycetatnapaiifpes. Britain. small head 1 they are peri- 
A, Larva; B, pupa; G, imago. (After Dufonr.) i i. . ’ 

pneu 8 tic,havmg,according to 
Osten Siicken, nine pairs of spirachw, one pair prothoracic, the others 
on the first eight abdominal segments. They are usually worm- 
like, and sometimes seem to consist of twenty segments. Some of 
them have the faculty of constructing a true cocoon by some sort 
of spinning process, and a few make earthen cases for the purpose of 
pupation. The pupae themselves are free, the larval skin having 
teen shed. The Mycetophilidae are by no means completely 
fungivorous, for many live in decaying vegetable, some even in 
nnimal, matter. 

The habits of many of the larvae arc very peculiar* owing to 
their spinning or exuding a mucus, that reminds one of snail- 
slime; they are frequently gregarious, and some of them have 
likewise, as we shall subsequently mention, migratory habits* 
Perris has described the very curious maimer in which Seiophila 


VII MYCETOPHILIDAE 465 

v,nimajculata forms its slimy tracks ; ^ it stretches its head to one 
.side, fixes the tip of a drop of the viscous matter from its 
mouth to the surface of the substance over which it is to 
progress, bends its head under itself so as to affix the matter to 
the lower face of its own boily ; then stretches its head to the 
other side and repeats the operation, thus forming a track on 
which it glides, or perhaps, as the mucus completely envelops 
its body, we should rather cjill it a tunnel through which the 
maggot slips along. According to the description of Hudson * 
the so-called New Zealand Glow-worm is the larva of Boleto- 
phila lumimsa ; it forms webs in dark ravines, along which it 
glides, giving a considerable amount of light from the peculiarly 
formed terminal segment of the body. This larva is figured as 
consisting of about twenty segments. The pupa is provided 
with a very long, curiously-branched doi'sal structure: the fly 
issuing from the pupa is strongly luminous, though no use can 
be discovered for the property either in it or in the laiTii. The 
larva of the Australian Ceroplatm viasterai is also luminous. 
Another very exceptional larva is that of Epicypta scatoj^hora ; 
dt is of short, thick fomi, like Cecidomyiid laiwae, and has a very 
remarkable structure of tlie doi^sal parts of the body ; by means of 
this its excrement, which is of a peculiar nature, is sprt^ad out anil 
forms a case for enveloping and sheltering the larva. Ultimately 
the larval case is converted into a* cocoon for pupation. This larva 
is BO different from that of other Mycetophilidae, that Penis was 
at first unable to believe that the fly he reared really came from 
this unusmilly formed larva. The larva of Mycetobia pallipts 
(Fig. 221) offers a still more remarkable phenomenon, inasmucli 
as it is amphipneustic instead of peripneustic (that is to say, it 
has a pair of stigmata at the termination pf tlie body and a pair 
on the first thoracic segment instead of the lateral series*of ^mirs 
we have described as normal in Mycetophilidae). • This lar\'a lives 
in company with the amphipneustic larva of Bhyphua, a fly of 
quite another family, and the Mycetohia larva so closely resembles 
that of the Bhyphus, that it is difficult to distinguish tlie two. 
This anonfalous larva gives rise, like the exceptional larva of 
Ejncypta, to an ordinary Mycetophilid fly.’ 

^ Ann, Sae. eni, France (2) vii. 1849, p. 346. 

3 Traiu. Few Zealand Inst. xxiiL 1880, p. 48. « 

* Oaten Saoken, Berlin, edt, ZeUsehr. xxxvii. 1892, p. 442 ; and Perris, Ann. 80 c. 
cni. France (2) vii. 1849, p. 202. 
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But the most remarkable of all the Mycetophilid larvae are 
those of certain species of Sciara^ that migrate in columns, called 
by the Germans, Heerwurm. The larva of Sciara militaris 
lives under layers of decomposing leaves in forests, and under 
certiiin circumstoncas, migrates, sometimes perhaps in search of a 
fresh supply of food, though in some wises it is said this cannot be 
the reason; Millions of the hirvae accumulate arid form them- 
selves ]»y the aid of their viscous mucus into great strings or 
ribbons, and then glide along like serpents : these aggregates are 
stiid to be sometimes forty to a liimdred feet long, five or six inches 
wide, and an inch in deptli. It is s«iid that if the two ends of 
one of these i)roceasions l)e brought into contact, they become 
joined, and the monstrous ring may writhe for many hours before 
it csxu agtiin disengage itself and fissuinc a columnar form. 
These processional maggots are met with in Northern Europe 
and the United States, and there is now an extensive literature 
about them.' Though they sometimes consist of almost incredible 
nuuiluTS of individiuils, yet it apjHyirs that in the Carpathian 
mounttiins the assemblages are usually much smaller, being from 
four to twenty inches long. A species of Sciam is the " Yellow- 
fever fly ” of tlie Southern United States. It appears that it 
has several times appc^ared in unusual numbers and in unwonted 
localities at the same time as the dreaded disease, with which it 
is popularly supposed to have some connection. 

Fam. 3. Blepharoceridae.^ — Wlntjs with no discal cdl, but 
with a secondary set of cremeMke lines. The flies composing 
this small family are very little known, and appear to be 
obscure Insects with somewliat the appearance of Empidae, 
though with strongly iridescent wings; they execute aerial 
dances, after the manner of midges, and are found in Europe 
(the Pyrenees, Alps and Harz mountains) as well as in North 
and Soutli America. Their larvae are amongst the most re- 
markable of Insect forms ; indeed, no entomologist recognises 
them as belonging to a Hexapod Insect when he makes a first 

1 See Guerin-Meneville, Ann, Soc, ent, France (2) iv. 1846 ; p. 8 ; and 
Nowicki, Ferh, Oca, JFien, xvii. 1867, SB, p. 23. * 

3 For details as to the family cf. Osten Sacken, Berlin, ent, ZeUaekr, xl. 
1895, p. 148; and for the larvae F. Muller, Arch. Mua, Bio-Jan, iv. ISSli 
p. 47. The name » Liponeuridao ” was fonnerly applierl by some authorities 
to this family, but it is now generally recognised that Blepharoceridae is more 
legitimate. 
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acquaintance with them. The larva of Curwpira (Fig. 222) 
lives in rapid streams in Brazil, fixed by its suckers to stones or 
rocks. It consists only of six or seven divisions, with project- 
ing side-lobes ; the usual segmentation not being visible. Thei'e 
are small tracheal gills near the suckers, and peculiar scale-like 
organs are placed about the edges of the lobes. Muller considers 
that the first lobe is " ccphalothorax,” corresponding to heail, 
thorax and first abdominal segment of other larvae, the next four 
lobes he considers to correspond each to an 
abdominal segment, and the terminal mass 
to four segmenta He also says that 

certain minute points existing on the suv- 
face, connected with the tracheal system by 
minute strings, represent nine pairs of 
spiraclea These larvae and their pupae 
can apparently live only a short time after 
being taken out of the highly aerated 
water in whieli they exist, but Muller 
succeeded in rearing several flies from a 

nmnber of larvae and pupae that he __ 

collected, and, believing them to be all one 

species, he announced that the females 

exhibited a highly developed dimorphism, 

some of them being blood-suckers, others ^ ^ 

honey-suckers. It is however, more pfrob- 

able that these specimens belonged to two f,o. 222.-UBder of 

or three distinct species or even genera. the larva of Ciirupim 

This point remains to be cleared up. The 

larva we have figured is called by Muller the middle of the body, 

Paltostoma torrentium. It is certain, how- (Atter^FiS* 

ever, that the Brazilian Insect does not 

belong to the genus Paltostoma, and it will no doubt bear the 

name used by Osten,Sacken, viz. Curupim. 

The metamorphoses of the European TAponev/ra hrsvirostris 
have been partially examined by Dewitz, who found the Insects 
in the valley of the Ocker in September.^ He does not consider 
the " cephalothorax ” to include an abdominal segment ; and he 
found that two little, horn-like projections from the thorax of the 

1 Berlin, ent. Beit. xxv. ISSI, p. 61 ; and ef. Brauer, JVien, etU. Zeil, i. 1882, 
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pupa are really each four-leaved. The pupa is formed within 
the larval skin, but the latter is subsequently cast so tliat the 
pupa is exposed ; its dorsal region is horny, but the under sur- 
face, by which it clings firmly to the stones of the rapid brook, is 
white and scarcely chitinised, and Dewitz considers that the 
chitinous exudation from this part is . used as a means of fastening 
the pupa to the stones. Blepharoceridae possess, in common 
with Cidex, Psyckoda and Ptychoptera, the peculiar number of 
five Malpighian tubes, and it has been proposed by Muller to 
form these Insects into a group called Penianephria. 

Fam. 4. Oulicidae (^Mosquitoes, Gnats). — Antennae with whorls 
of hair or pinnies, which may he very dense and long in the male, 
though scanty in the female ; head with a long, projecting pro- 
hbscis. Although there are few Insects more often referred to 
in general literature than Mosciuitoes, yet the ideas in vogue 
about them are of the vaguest chanicter. The following are the 
chief points to be borne in mind as to the prevalence of Mos- 
quitoes : — The gently humming (hiat that settles on us in our 
apartments, and then bites us, is a Mosquito ; there are a large 
number of species of Mosquitoes ; in some countries many in one 
locality ; in Britain we have ten or a dozen ; notwithstaiiding^the 
multiplicity of species, certain Mosquitoes are very widely diflused ; 
the larvtie are all Jiqiuitic, and specially frequent stagnant or 
quiet- pools ; they are |)robably diffused by means of the water 
in ships, it being known* that Mosquitoes were introduced for 
the first time to the Hawaiian Islands by a sailing vessel about 
the year 1828. Hence it is impossible to say what species the 
Mosquitoes of a given locality may he without a critical examina- 
tion. No satisfactory work on the MoR(][uitoes of the world 
exists. Urich states that he is acquainted with at least ten 
species in Trinidad. The s^iecies common in our apartments in 
Central and Southern England is Culex pipiens, Linn., and this 
species is very widely distributed, being indeed oiie of the 
troublesome Mosquitoes of East India. The term Mosquito is a 
Spanish or Portuguese diminutive of Mosca. It is applied to a 
variety of small flies of other families than Culicidae, but should 
be restricted to these latter. The irritation occasioned by the 
bites of Mosquitoes varies according to several circumstances, 
viz. the condition of the biter, the condition or constitution of 
the bitten, and also the species of Mosquito. B^aumur and 
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others believed that some irritating Huid is injected by the Mos- 
quito when it bites. But why should it want to irritate as well 
as to bite ? Macloskic, considering that the Mosquito is really 
a feeder on plant-substances, suggests that the fluid injected may 
be for the purpose of preventing coagulation of the i^lant-juiees 
during the process of suction. It is a rule that only the female 
Mosquito bites, the male being an inoffensive creature, and pro- 
vided with less effectual mouth-organs; it lias, however, been 
stated by various authors that male Moscpiitoes do o(.*.casionally 
bite. It is difficult to understand the blood-sucking prupcuisities 
of these Insects ; we have already stated that it is only the 
females that suck blood. There is reason to suppose that it is an 
acquired habit ; and it would appear that the food so obtained 
is not essential to their existence. It has indeed been asserted 
that the act is frequently attended with fatal consecpiences to 
the individual that does it. The proper method of mitigating 
their nuisance is to examine the stagnant waters in locMilities 
where they occur, and deal with them so as to destroy the larvae. 
These little creatures are remarkable from the hciuls and thorax 
being larger and more distinct than in other Dipterous larvae. 
Their metamorphoses have been frequently described, and recently 
the numerous interesting points connected with their life-histories 
have been admirably portrayed by Professor Miall,^ in an accessible 
form, so that it is unuecejssary for us to deal with them. 
Corethra is placed in Culicidae, but the larva differs totally from 
that of Cidex ; it is predaceous in habits, is very transparent, has 
only an imperfect tracheal system, without spiracles, and has two 
pairs of air-sacs (perhaps we should rather say pigmented struc- 
tures possibly for aerostatic purposes, but not suppliers of oxygen). 
The kungu cake mentioned by Livingstone as used on Lake 
Nyassa is made from an Insect which occurs in profusion there, 
and is compressed into biscuit form. It is believed to l)e a 
Corethra. One of the peculiarities of tliis family is the pre- 
valence of scales on various parts of the bo<ly, and even on th^ 
wings : the scales are essentially similar to those of Lepidoptera. 
Though Mo&}uitoes are generally obscure plain Insects, there 
are some — in the South American genus Megarrhina — that are 
elegant, beautifully adorned creatures. Swarms of various species 
of Culicidae, consisting sometimes of almost incalculable numbers 
^ Natural History of AquaUe Innets^ London, 1895, chap. ii. 
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& )^iand is recorded as having been three-qui^rBrof^^^^ 

; twenty feet^ high/ and eighteen inches thick. Xhew 
reason for supposing that Mosquitoesvmay ant as dis^minato:^ 
of disease, but there is no certain evidence on the subject. The 
minute Maria that occurs in great numbers in some patients, 
is found in the human body only in the embryonic and adult 
conditions. Manson considers that the intermediate stages ore 
passed in the bodies of certain Mosquitoes.^ 

Fam. 6. Ghironomidae Midges). — Small or minute 

flies of slender form, with narrow goings, without projecting 
rostrum, usually with densely feathered antennae in the male, and 
long slender legs. The flies of this family bear a great general 
resemblance to the Culicidae. They are much more numerous 
ill species, and it is not improbable that we have in this country 
200 species of the genus Chironomus alone. They occur in 
enormous numbers, and frequently form dancing swanns in the 
neighbourhood of the waters they live in. The species are 
frequently extremely similar to one another, though distinguished 
by good characters ; they ai’e numerous about Cambridge. Many 
of tlieui have the habit of using the front legs as feelers rather 
than as means of support or locomotion. This is the opposite of 
what occurs in Culicidae, where many of the species have a habit 
of holding up the hind legs as if they were feelers. The eggs of 
Chironomus are deposited as strings surrounded by mucus, and are 
many of them so transparent that the development of the embryo 
can lie directly observed with the aid of the microscope. They are 
said to possess a pair of air-sacs. The larvae, when born, are 
aquatic in habits, and are destitute of tracheal system. They 
subsequently differ greatly from the larvae of Cidex, inasmuch as 
the tracheal system that develops is quite closed, and in some 
cases remains rudimentary. Tj^ere is, however, much diversity, 
in the larvae and also in the pupae. The little Blood-worms, 
yery common in many stagnant and dirty waters, and used by 
anglers as bait, are larvae of Chironomus. They are said to be 
ai ’E/bMTtfie? of Aristotle. The red colour of these larvae u due to 
haemoglobin, a substance which has the power of attracting and 
storing oxygen, and giving it off to the tissues as they require 
it. Such larvae are able to live in ^burrows they construct 
Tr. Linn. JSoc. Lond. (S) ii. 1884, p. 867. v 
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amongst the mud S<me of them/ 

'haemoglobm/ in ^naequenoe able to live at^ great ^ 

; ie said even at 1000 feet in lake Superlo?/ and borne to the 
surface only occasionally. A few are able even to 'tolerate fialt 
water, and have been fished up from considerable depths in the 
sea. It is a remarkable fact that these physiological capacities 
differ greatly within the limits of the one genus, Chironomus^ 
for some of these species are destitute of haemoglobin, and have ' 
to live near the surface of the water; these have a superior 
development of the tracheal system. The pupae of Chironomus 
have the legs coiled and the thorax, instead of being provided 
with the pair of tubes or trumi>et8 for breathing that is so 
common in this division of Diptera, have a pair of large tufts 
of hair-like filaments.^ A very curious form of parthenogenesis 
lias been described by Grimm ^ as existing in an uudetennined 
species of Chironomus, inasmuch as the pupa deposits eggs. 
Although this form of parthenogenesis is of much interest, it is 
not in any way to be compared with the case, already referred to, 
of JAWor(p. 461). The“pupa” is at the time of oviposition prac- 
tically the imago still covered by the pupil integument ; indeed 
Crrimin informs us that in some cases, after dejiositiiig a small 
number of ova, the pupa became an imago. This partheno- 
genesis only occurs in the spring-generation ; in the autumn the 
development goes on in the natural manner. Tlie case is 
scarcely entitled to be considered as one of paedogenesis. 

Gnats of this family, and believed to be a variety of Chiro- 
minus plumostiSf are subject to a curious condition, inasmuch as 
individuals sometimes become luminous or " phosphorescent ” ; this 
has been noticed more specially in Eastern Europe and Western 
Asia. The whole of the body and legs may exhibit the luminous 
condition, but not the wings. It has been suggested by Schmidt 
that this condition is a disea8#due. to bacteria in the body of 
the gnat.® 

Ceratopogon is a very extensive genus, and is to some 
extent anosmilo^us' as a member of Chironomidae. The larvae 
exhibit considerable variety of form. Some of them are aquatic 


1 For an extremely interesting account of ChirtimmuB refer to Miall's book, ^ 
already cited, and, for the larya, to the valuable work of Meinert on Eucephalous 
larvae of Diptera, Dmiake SeUk. Skr. (6) iii. 1886, p. 436. 

* Ann. Nat. Hist. (4) viii. 1871, p. 81. • Ibid. (6) xv, 1896, p. 188. 
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in habits, but the great majority are terrestrial, frequenting 
trees, etc. Tlie former larvae are very slender, and move after 
the manner of leeches; they give rise to images with naked 
wings, while the terrestrial larvae produce flies with hairy 
wings. There are also inqtortant distinctions in the pupae of 
tlie two kinds ; the correhition between the habits, and the dis- 
tinctions above referred to, is, however, far from teing absolutely 
constant.^ Certain species of midges are in this country amongst 
the most annoying of Insects ; lieing of very minute size, scarcely 
visible, they settle on the exposed pirts of the body in great 
numlters, and by sucking blootl create an intolerable irritation. 
Ceratopogon varius is one of the most i)ersistent of these annoyers 
in Scotland, wiiere this form of pest is much worse than it is in 
England ; in Cambridgeshire, according to Mr. G. H. Vcrrall, 
the two troublesome jnidgcs are the females of 0, pulicaris and 
O. hijmnctatun. 

Fam. 6. Orphnephilidae. — Small, hrown or yelloiuvsh Jlies, 
hare of pubeseeiu'e, with rei'y large eyes contigiions in both sexes, 
and with antennae composed of two joints and a terminal bHsfle ; 
both the se^iond joint and the bnstle are, hoicever, really complex. 
One of the smallest and least known of the families of Diptera, 
and said to be one of the most diflicult to classify. The nervures 
of the wings are very distinct. Nothing is known of the habits 
and metamorphoses ; there is only one genus — Orphnephila ; it 
is widely distributed ; we have one 8j)ecies in Britain. 

Fam. 7. Psychodidae {Moth-Jlie^. — Extremely s^ll, helpless 
flies, nsually with thicMsh antennae, bearing much hair, with 
wings broader than is usual in small flies, and also densely clothed 
unth hair, giving rise to a 7nore or less vague. These 

flics are very fragile creatures, and are probably numerous in 
species. In Britain forty or fifty species have been recognised.^ 
A South European form is a bldbd-sucker, and has received the 
appropriate name of Phlebotomus. The life-history of Pericoma 
eanescens has recently been studied by Professor Miall.^ The 
laiwa is of aquatic habits, but is amphibious, being capable of 
existing in the air ; it has a pair of anterior spiracles, by liieans 

^ For meUniorphoses of aquatic apcoiea of Ceratopogwh, aee Miall and Meinert, 
already quoted: for examples of the terrestrial species, and their illustrations, 
refer to Mik, WUn. enH. ZeU. vii. 1888, p. 183. ^ 

^ Monograph, Eaton, Eel. Mag. xxix. and xxx. 1893, 1894 : supplement <ip. cit. 
1896, etc. ^ Tr. etU. Soc. L<mdon, 1895, p. 141. 
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of which it breathes in the air, and a pair at the posterior 
extremity of the body, surrounded by four ciliated processes, 
with which it forms a sort of cup for holding air when it is 
in the water. The favourite position is amongst the filaments 
of green algae on wliicli it feeda A much more extraordinary 
form of larva from South America, doubtless belonging to 
this family, has recently been portrayed by Fritz Muller, 
under the name of Maruimi} These larvae live in rapid waters 
in compiny with those of the genus Curupira, and like tlie 
latter are provided with a series of suctorial ventml discs. 
Fritz Mtiller’s larvae belong to several species, and probably to 
more than one genus, and the respiratory apparatus at the 
extremity of the body exhibits considerable diversity among 
them. 

Fam. 8. Dizidae. — The genus Dixn must, it apx)ears, form a 
distinct family allying the Ciilieid scries of families to the 
Tipulidae. The species are small, gnat-like Insects, fond of 
<lamp places iii forests. We have four British 8j)ecies (/>. 
maculaia, D, nehulo&a, IX aestividis, IX aprilimt). The genus is 
very widely distributed, occurring even in Australia. The 
larvae are aquatic, and have been described by Edaumur, 
Miall, and Meincrt. The pupi has the legs coiled as in the 
(Julicidae. 

Fam. 9. Tipulidae {Daddydongdegsy or Crane-flies), — Slender 
Insects with elongate legs, a system of loing-nervures, rather com- 
plex, especially at the tip ; an angulate, or open V-shaped, suture, 
on the dorsum of the thorax in front of the wings : the ferneUe 
ivith the body termiruited by a pair of hard, pointed processes, 
concealing some other pt^ocesses, and forming an ovipositor. The 
curious, silly Insects called daddy-long-legs are known all 
over the world, the family being a very large one, and found 
everywhere, some of its meij^bers extending their range even 
to the most inclement climates. It includes a great variety 
of forms that would not be recognised by the uninitiated, 
but can be readily distinguished by the characters mentioned 
above. \t is impossible to assign any reason of utility for 
the extreme elongation of the legs of these Insects ; as 
everyone knows, they break off with great ease, and the Insect 
appears to get on perfectly well without them. It is frequently 
^ Tr. ent. Soe, LmvAim, 1895, p. 479. 
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the case that they are much longer in the males than in 
the females. Other parts of the body exhibit a peculiar 

elongation; in some forms of the male the front of the head 
may be prolonged into a rostrum. In a few species the 
he^ is separated by a great ilistance from the thorax, the 
gap being filled by .elongate, hard, cervical sclerites; indeed 
it is in these Insects that the phenomenon, so rare in Insect- 
structure, of the elongation of these sclerites and their be- 
coming a part of the actual external skeleton, reaches its 
maximum. In several species of Eriocera the male has the 
antennae of extraordinary length, four or five times as long as 
the body, and, strange to say, this elongation is accompanied 
by a reduction in the number of the segments of which the 
organ is composed, the number being in the male about six, 
in the female ten, in place of the usual fourteen or sixteen. 
In Toxorrliina and Eltphanlomyia the probo^is is as long as 
the whole body. In other forms the wings become elongated to 
an unusual extent by means of a basal stalk. It is probable 
that the elongation of the rostrum may be useful to the Insects. 
Gosse,^ indeed, describes Limnohia intermedia as having a rostrum 
* lialf as long as the body, and as hovering like a Syrphid, but 
this is a habit so foreign to Tipulidae, that we may be pardoned 
for suspecting a mistake. The larvae exhibit a gre<it variety of 
form, some being terrestrial and others a(][uatic, but the ter- 
restrial forms seem all to delight in damp situations, such 
as shaded turf or rotten tree-stems. They are cither amphi- 
pneustic or metapneustic, that is, with a pair of spiracles pl^d 
at the posterior extremity of the body; the aquatic species 
frequently bear appendages or pi-ojections near these spiracles. 
The pupae in general structure are very like those of Lepidoptera, 
and liave the legs extended straight along the body ; they possess 
a pair of I'espiratoiy processes on the thorax in the form of 
horns or tubes. 

There are more than 1000 species of these flies known, 
and many genera. They form thi*ee sub-families, which are by 
some considered distinct families, viz. : Ptychopterinaj, limno- 
biinae or Tipulidae Brevipalpi, Tipulinae or Tipulidae Longi- 
palpi. 

The Ptychopterinae are a small group in which the angulate 

^ A NaituraU9t*9 Sojourn in Jamaica, London, 1853, p. 284. 



VII 


TIPULIPAE 


473 


suture of tlie luesonotum is indistinct; the ki'viie are aquatic and 
have the liead free, the terminal two segments 
of the body enormously prolonged (Fig. 223), 
forming a long tail bearing, in the North 
American Bittdaoimrpha, two respiratory fila- 
meiita Hart ^ describes this tail as possessing 
a stigmatal opening at the extremity ; no doubt 
the structure is a compounded pair of spinadea 
The pupa (Fig. 223, B) has quite lost the respira- 
tory tube at the posterior extremity of the 
body, but has instead tpiite as long a one at 
tlie anterior extremity, due to one tube of the 
pjiir nonnal in Tipulidae being enonnously 
developed, while its fellow remains small. This 
is a most curious departure from the bilateral 
symiuetry that is so constantly exhibited in I 

Insect-structure. Our British species of Ptych • 
optera liave the pupal respiratory tube as extra- 
ordinary as it is in BitUicomorpha, though the 
larval tail is less peculiar.^ This group should 
perhaps be distinguished from the Tipulidae 
as a separate family, but taxonomists are not 
yet unanimous as to thia Brauer considers 
that the head of the larva, and the condition 
of ^ve Malpighian tubules in the imago, 
require the association of Ptychopterinae with 
the preceding families (Ghirouomidae, etc.), 
rather than with the Tipulidaa 

The great majority of the Tipulidae are com- 
prised in the sub-family limnobiinae — the 
Tipulidae Brevipalpi of Osten Sacken:” in 
them the last joint of the palpi is shorter or Fia. 223.— nt/^aeo- 
not much longer than the two preceding 
together. They exhibit great variety, and many 
of them are types of fragility. The common 
winter gnats of the genus Trichocera are a 
fair sample of this sub-family. The species 
of this genus mostly inhabit high latitudes, and delight in 

1 BM. Illinois Lab., iv. 189f, p. 108. * Ifiairs Aqualio InstOs, 1896, \u 174. 

> << Studies,” etc., Berlin, ent. ZeUsehr. xxxi. 1887. 


vwrpha davipes. 
North America X f. 
(Alter Hart.) A. 
Larva; B, pupa: 

tlie left, r, the 
right respiratory 
tube. 
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a low temperature; it has been said that they may be seen 
on tlie wing in the depth of winter when the temperature is 
below freezing, but it is pretty certain that the spots cliosen by 
the Insects are above that temperiiture, and Eaton states that the 
usual temperature during their evolutions is about 40" or 45" 
Fahr. They often ap].)ear in the damp conditions of a tliaw 
when much snow is on the ground. 1\ dmonyi was found at an 
elevation of 9000 feet in the Tyrol, crawling at a temperature 
below the freezing-point, when the ground was deeply covered with 
snow. T, retfelationis occurs commonly in mines even vvheilhi thby 
ai’e 600 feet or more deep. The most extraordinary ' of 
Limnobiiiiae is tlie genus Chionea, the s^KH^ies of which are tot$llj^.^ 
destitute of wings and require a low temperature. C. araneoi^h^^ 
inhabits parts of northern Europe, but descends as far south as ’ 
the mountains near Vienna ; it is usimlly said to be only really 
active in the depth of winter and on the surface of the snow. 
More recently, however, a large number of specimens were found 
by Professor Thomas in the montli of October in bis garden in 
Thuringm; they were caught in little pit-falls constructed to 
entrap snails. The larva of this Insect is one of the interesting 
forms that display the transition from a condition with spiracles 
at the sides of the body to one where there is only a pair at the 
posterior extremity. 

A very peculiar Fly, in which the wings are reduced to mere 
slips, Halirytm amphihuis, was discovered by Eaton in Kerguelen 
Land, where it is habitually covered by the rising tide. Though 
placed in Tipulidae, it is probably a Chironomid. 

The group Cylindrotomina is considered by Osten Sacken V tia ' 
be to some extent a primitive one having relationship with t)i^^ 
Tipulinae ; it was, he siiys, represented by numerous species in \ 
Nortli America during the Oligocene period. It is of great 
interest oh account of the larvae, which are in several respects 
similar to ctiterpillars of I^epidoptera. The larva of CylindTotomoL 
distincta lives upon tlie leaves of plants — Anemone, Viola, . 
Sietlaria — almost like a caterpillar; it is green with a crest 
along the back consisting of a row of fleshy processed , Though 
this fly is found in Britain the larva has apparently not been 
observed here. The life-history of Phaiacrocera replicata has 
been recently published by MiaU and Shelford.^ The larva eats 
^ TV. ent, Soc, Lofidm, 1897, p. 862. * TV. etU, Soc, Loudon, 1897, pp. 843-861. 
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submerged mosses in the South of England, and bears long forked 
filaments, reminding one of those of caterpillars. This species 
lias been simultaneously discussed by Bcilgtsson, who apparently 
regards these Tipulids with caterpillar-like larvae — lie calls them 
Eruwicformia^ — as the most primitive form of existing Diptera. 

The Tipulinae — Tipulidae Longipalpi, Ostcn Sackeii^ — have 
the terminal joint of the palpi remarkably long, longer than the 
three preceding joints together. The group includes the Lirgest 
forms, and the true daddy-long-legs, a Chinese species of which, 
Tipida irohdignatjiay measures four inches across the expanded 
wings. The group contains some of the finest Diptera. Some 
of the exotic forms allied to Gtemphora have the wings coloured 
in tlie same manner <as they are in certiiii Hyinenoptem, and 
bear a considerable resemblance to members of that Order. 

Fam. 10. Bibionidae. — FUes of moderate or email size, some- 
timrs of different colours in the two sexes, with short, thick, straight, 
antennae; front tibiae umaily with a long pointed process; 
coxae not elongate. Eyes of male large, united, or contig%ious in 



Fio. 224. — Head of BSbio. x 10. A, Of male, seen from the ftront ; G, from the eule ; 
a, upper, b, lower eye ; B, head of female. 

front. The flies of the genus BiUo usually appear in England 
in the spring, and are frequently very abundant ; they are of 
sluggislf habits and poor performers on the wing. The differ- 
ence in colour of the sexes is very remarkable, red or yellow 
predominating in the female, intense black in the male; and 

^ Ac*rr(Miv. Lund, xxxiii. (2) No. 7, 1897. 

* '*Studiea,'* etc., Berlin, ent. Zeiieihr. xxx. 1886, p. 153. 
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it is . a curious fact that the same sexual distinction of colour 
reappears in various parts of the world — England, America, India, 
and New Zealand ; moi’eover,. this occurs in genera that are by 
no means closely allied, although allied species frequently hnve 
concolorous sexes. The eyes of the males are well worth study, 
there being a very large upper poriion, and, 
abruptly separated from this, a smaller, difter- 
ently faceted lower portion, practictilly a 
separate eye ; though so largely developed the 
upper eye is in some cases so hairy that* it 
must greatly interfere with the formation 
of a continuous picture. Carriere con- 
siders that the small lower eye of the male 
corresponds to the whole eye of the female. 
The larvae of BiUo (Fig. 225) are caterpillar- 
like in form, have a horny head, well de- 
veloped, biting mouth-organs, and spine-like 
processes on the body-segments. They ai*e 
certified by good authorities^ to possess the ex- 
tremely unusual number of ten pairs of spiiacles; 
a larva found at Cambridge, which we refer to 
Bihio (Fig. 225) has nine pairs of moderate 
spiracles, as well as a large terminal jitiir 
separated from the others by a segment without 
spiracles. The genus lHlo;phus is closely 
allied to Bihio, the laivae of which (and those 
of Bibionidae in general) are believed to feed 
on vegetable substances; the parasitism of 
DUophiis vulgaris on the larva of a moth, Ejnm- 
Fig. 225. — Larva of tia (Chaetoptria) hypericarui, as recorded by 

Hihio Hp. Cam- Meade,* must therefore be an exceptional case. 

bridge. x6. r ^ • ■ 

111 the genus Bcatopse there is a very im- 
portant point to be cleared up as to the larval respiratory 
system ;4t is said by Dufour and Perris* to be amphipneustic ; 
there are, however, nine projections on each side of the bidy that , 
were considered by Bouch^, and probably with good reason, to 

^ Oaten Sacken, Berlin, ent. Beiiechr. xxxvii. 1892, p. 450. 

^ JSniomologiel, xiv. 1881, 287. Tbis observation ^aa never, we believe, been 

confirmed. 

^ Ann. Soe. ent. France (2) v. 1847, p. 48. 
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be spiracles. The food of Scatopse in the larval state is 
principally vegetable. The larva of Scatopse changes to a 
l)upa • inside the larval p 
skin ; the pupa is pro- 
vided on the thorax with 
two branched respiratory 
processes that project 
outside the larval skin, 

Lucas has given an 
teresting account of the 
Occurrence of the larva 
of Bihio marci in enorin- 
oiis numbers at Paris; 
they lived together in 
masses, there being ap- 
parently some sort of — Portion of inteKniiieiit of Bihio sp. Cain- ■ 

" ‘ bridins. ji| IiiterHeiriiiental procosHea ; a, aniracle. 

coiineotion between the 

individuals.*'* In the following year the fly was almost eipuilly 
abundant. 

Owing to the great numbers in which the species of Bibionidae 
sometimes appear, these Insects have been supposed to bo very 
injurious. Careful inquiry has, however, generally exculpated 
them as doers of any serious injury, though Dilophm fehrilis — a 
so-called fever-fly — appears to be really injurious in this country 
when it multiplies excessively, by eating the roots of the hop- 
plant. 

Fam. 11. Simuliidae (Sand-flies, Buffalo-gnats). — Small obese 
flies with humped back, rather short legs and broad wings, with short, 
straight antennae destitute of setae ; proboscis not projecting. 
There is only one genus, Simulium, of this family, but it is very 
widely spread, and will probably prove ’ to be nearly cosmo- 
politan. Some of the species are notorious from their blood-suck- 
ing habits, and in certain seasons multiply to an enormous extent, 
alight in thousands on cattle, and induce a disease that .produces 
death in a few hours ; it is thought as the result of an instilled 
poison. ^ S. coluwMczense has occasioned great losses amongst 
the herds near the Danube ; in North America the Buffalo- and 
Tiurkey-gnats attack a variety of mammals and birds. In Britain 

1 Perris, hi Soc. enf. France (2) v. 1847, p. 87, pi. i. 

^ Ann. Soe. ent. France (5) i. 1871, Bull. p. Ixvii. 
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and other parts of the world they do not increase in numbers to 
an extent sufficient to render them seriously injurious : their bite 
is however very annoying and irritating to ourselves. In their 
early stages they are aquatic and require well aerated waters : 
the larvae hold themselves erect, fixed to a stone or some other 
object by the posterior extremity, and have on the head some 
beautiful fringes which are agitated in order to bring food within 
reach; the pupae are still more remarkable, each one being 
placed in a pouch or sort of watch-pocket, from which projects 
the upper part of the body provided with a pair of filamentous 
respiratory processes. For an account of the interesting circum- 
stances connected with the metamorphoses of this species the 
reader should refer to Professor Miairs book ; and for the life- 
history of the American Buftalo-gnat to Eiley.^ 

Fam. 12. Bhyphidae. — This is another of the families that 
have only two or three genera, and yet are ver^^ widely distributed. 
These little flies are distinguished from other Nemocera Anoiiiala 
(cf. p. 456) by the^ presence of a discal cell ; the empodia of the 
feet are developed as if they were pvlvilli, while the trne indvilli 
remain rudimentary. The larvae are like little worms, lacing 
long and cylindric; they are (imphipncustic, and have been 
found in decaying wood, in cow-dung, in rotten fruits, and 
even in dirty water. The “ petite tipide,” the metamorphoses of 
which were described and figured by Ecaumur, is believed to 
be the common Bhyphm fenestralis? B, fentstralis is often 
found on windows, as its name implies. 


Series 2. Orthorrhapha Brachycera 

Fam. 13. Stratiomyidae. — Antennae with three segments 
and a terminal complex of obscure joints, frequently bearing 
an arista: tihim not spincd ; wings rather small, the an- 
terior nervures usually much more strongly marked than those 
behind. The median cell small, placed ufiar to the middle of the 
unng, Scutdlum frequently spincd; terminal appendages of the 
tarsi small, but pidvUli and a pulvilliform empodium are 

' lUp, Dtp, Agrie, Kwt, Washvngton, 1886, p. 492. 

* Cf. Reaumur, Menu v. 1740, p. 21 ; and Perris, Aan, Soc, eni, France (4) x. 
1870, p. 190. 
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•present This is a large family, whose members are very 
diversified, consequently definition of the whole is difficult. The 
species of the typical sub-family Stratioiuyiiiae generally have tlie 
margins of the body prettily marked with green or yellow, and 
the scutellum spined. In the remarkable American genus, 
Hermetia, the abdomen is much constricted at the base, and the 
scutellum is not spined ; in the division Sarginac tlie body is 
frequently of brilliant metallic cedours. The species all liave 
an only imperfect proboscis, and are not blood-suckers. I'he 
larvae are also of diverse habits; many of those, of the Stratio- 
myiiiae are aquatic, and are noted for their capacity of living in 
salt, alkaline, or even very hot water. Mr. J. C. JIanion found 
some of these larvae in a liot spring in AVyoniing, where he could 
not keep his hand immersed, and he estimated the temperature 
at only 20'^ or 30" Fahr. btdow the boiIing-p>int. The larva 
of Stratiomys is of remarkably elongate, strap-like, form, much 
narrowed lieliind, with very small head ; the terminal sc^gment 
is very long and cuds in a rosette of hairs which tlui creature 
allows to float at the surface. After the larval skin is sIuhI the 
pupa, though free, is contained therein; the skin alters ljut 
little ill form, and has no organic connection with the pupa, 
which merely uses the skin as a shield or float. These larvae 
have been very frequently descTibed ; they can live out of the 
water. Tlrauer ilescribes the larvae of the family as “perip- 
neustic, some perhaps amphipneustic.” Miall sfiys therii are, in 
Stratiomys, nine jmirs of spiracles on the sides of the body which 
are not oj)en, though bmiiches from the longitudinal air-tulies 
pass to them. There are probably upwards of 1000 sixicies of 
Stratiomyiidac known, and in Britain we have 40 or 50 kinds. 
The American genus Chiromyza, Wied., was formerly treated by 
Osten Sacken as a sejiarate family, Ghiromyzidae, but Williston 
places it in Stratiomyidae. 

Fam. 14. Leptidae, including Xylophagidae and Coenom 3 ri- 
idao. — The Leptidae proper are Jlies of feMe haild ; eintennas 
with three joints and a tefniinal iristle ; in the Xylophagidae the 
antennae %/fie longer, and the thi/rd joint is complex. The ivings 
have five posterior cells, the middle tibiae are spined, Pulvilli ami a 
pulvilliform empodium present. The three families are considered 
distinct by most authors, but there has always been much diiiieulty 
about the Xylophagidae and Goenomyiidae, we therefore treat them 
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as 8ub-familie8. The Xylophaginae are a small group of slender 
Insects, perhaps most like the short-bodied kinds of Adlidae; 
the third joint of the antenna is vaguely segmented, and there 
is no terminal bristle. Bhachkerua is a most anomalous 
little fly with rather long stiff antennae of an almost nemo- 
cerous character, the segments of which give off a short 
thick prolongation on each side, reminding one of a two-edged 
saw. The three or four British species of Xylophaginae 

are forest Insects, the larvae of which live under bark, and 
are provided with a spear-like head with which they pierce 
other Insects. The Coenomyiinae consist of the one genus 
Coenomyia, with two or three European and North American 
species. They are remarkably thick-bodied, heavy flies, reminding 
one somewhat of an imperfect Stratiomyid destitute of orna- 
mentation. The metamorphosis of C. ferrnginea has been 
described by Beling.^ The larva is not aquatic, but lives in 
burrows or exciivations in the earth where there are, or have 
recently been, rotten logs; it is probably predaceous. It is 
cylindric, with an extremely small head and eleven other segments, 
tile stigma on the first thoracic segment distinct ; the terminal 
segment is rather broad, and the structures surrounding the 
stigma are complex. The pupa 
has stigmata on each of ab- 
dominal segments 2 to 8. Not- 
withstanding that the fly is so 
different to Xylophciyua, the 
larvae indicate the two forms 
as perhaps really allied. One 
of the Leptinae, Atherix ibis, 
has a singular mode of ovi- 
position (Fig. 227), the females 
of the species deposit their eggs 
in common, and, dying as they 
do so, odd their bodies to the. 
common mass, which becomes Fig. 227.—Atk4rix ibiB. A, The fly, nat 
an agglomeration, it may be B, mawof deiid fliA overhangiDg 

of thousands of individuals, and 

of considerable size. The mass is attached to a branch of a 
bush or to a plant overhanging water^ into which it ulti? 

^ Verb, Oea. JFien, zxx. 1880, p. 343. 
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inately falls. These curious accumulations are occasioually 
found in England as well as on the Continent, but no reason 
for so peculiar a habit is at present forthcoming. Still more 
remarkable are the habits of some European Leptids of the 
genera Vermileo (Psammo'i'ycter of some authors) and Lami)^ 
romyia, slender rather small flies of Asilid-like appearance, tho 
larvae of which form pit-falls after the msinner of the Ant-lion. 
According to Beling ' the larva of Leptis is very active, and is 
distinguished by having the stigmatic oriiice surrounded by four 
quite equal, quadraugulurly placed prominences ; and at the other 



Flu. 22s. — Larva of 
VennUeo degeeri 
{Pmunnarycter ?w- 
mileo). A, lateral, 
B, dorsal view: 

an abdominal 
pseudopod ; st^ 
stigma. Europe. 
(After Rt'auiuur 
aud Brauur.) 


extremity of the body a blackish, naked, triangular plate ; on tho 
under side of each of seven of the abdominal segments there is a 
band of spines. The larva of Atherix has seven pairs of abdominal 
feet. Altogether there are some two or three hundred known 
species of Leptidae; our British species scarcely retich a score. 
Tliey are destitute of biting-jiowers and are harmless timid 
creatures. Leptis scolopaxea, the most conspicuous of our native 
species, a soft-bodied fly of rather large size, the wings much 
marked with dtirk colour, and the thick, pointed body yellowish, 
marked with a row of large black spots down the middle, is a 
common Insect in meadows. 

Fam. 16. Tabanidae (Breeze - Jliee, Cleygs, or Horne - Jlies, 
also frequently called Gad-flies), — Proboscis fleshy^ distinct, en- 
wrapping pointed horny processes, palpi distinct, terminal joint 
inflated, pendent in front of proboscis. Antennae projecting, four- 
joiiUed, second joint very short, third variable in form; fourth 
forming indistinctly segmented continuation of the third, but 
not ending in a bristle, A perfect sqrvama in front of the halter*. 
Eyes large, very large in the males, hut laterally extending, rather 
than globose. This large and important family of flies, of which 
’ Ar fr, Katwrges. xlL i. 1875, p. 48. 
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■\VilUston states that 1400 or 1500 species are named, is 
well known to travellers on account of the blood - sucking 


h 



Fig. 229. — Pangonia 
longirostrig, x 
1. Nepal. (Alter 
Uardwicke.) 


habits of its meml)ers ; they have great powers 
of flight, and alight on man and animals, and 
draw blood by making an incision with the 
proboscis ; only the females do this, the 
males wanting a pair of the lancets that 
enable the other sex to inflict their for- 
midable wounds. They are comparatively large 
Insects, some of our English species of Tahanus 
attaining an inch in length. The smaller, grey 
Hftemato'pota, is known to every one wlio has 
walked in woods or meadows in the summer, as 
it alights quietly on the hands or neck and 
bites one without his having previously been 
made aware of its presence. The larger Tabani 
hum so much that one always knows when an 
individual is near. Tlie species of C/trysops, in 
habits similar to Haemutopota, arc remiirkable 
for their bcMuiti fully coloured golden-green eyes. 
Ill Brazil the Motuca fly, JIadrm lepidotus, 
Berty, makes so large and deep a cut that con- 
siderable bleeding may follow, and as it some- 
times settles in numbers on the l>ody, it is 
desi^rvedly feared. The most remarkable forms 
of Tabiinidae are the species of the widely dis- 
tributed genus Parujonia (Fig. 229). The pro- 
boscis in the females of some of the species is 


three or four times the length of the body, and as it is stiff and 


needle-like the creature can use it while hovering on the wing, and 
will pierce the human body even through clothing of considerable 
thickness. The males suck the juices of flowera The Seroot 


flies, which render some of the districts of Nubia uninhabitable 


for about three months of the year, probably belong to various 
species of Tabanidae ; e,g, Taban/us dorsivitta, mentioned by Flower. 
Tabanidae are a favourite food of the fossorial wcr.sps of the 
family Bembeeidae. These wasps are apparently aware of the 
blood-sucking habits of their favourites, and attend on travellers 


and pick up the flies as they are about to settle down to their 
phlebotomic operations. The larvae of the Tabanidae are some 
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of them aquatic, but others live in the earth or in decaying 
wood; they are of predaceous liabits, attacking and sucking 
Insect -larvae, or worms. Their form is cylindric, attenuate 
at the two extremities ; the slender small liead is retractile, and 
armed with a pair of conspicuous, curved black hooks. The 
body is surrounded by several promi- 
nent rings. The breathing apparatus is 
apiwirently but little devedoped, and coii- 
sists of a small tube at the extremity of 
the body, culpable of being exserted or 
withdrawn ; in this two closely approxi- 
mated stigmata arc placed. In a larva, 
probably of this family, found by the 
writer in the shingle of a shallow stream 
in the New Forest, the annuli are re- 
placed by seven circles of prominent 
pseuddpods, on the abdominal segments 
about lught in ejich circle, and ciich of 
thesti fet?t is surmounted Ijy a crown of 
small hooks, so that thei’e are fifty or 
sixty fc.i*t distributed eqiuilly over the 
middle part of the body without refer- 
ence to upper or lower surface. The 
figures of the larva of T, cordigeVy by 
Brauer, and of Haematoxiota phivialis, by 
Perris, arc something like this, but have 
no setae on the pscnidopods. The nieta* 
niorphoses of several Tabaiiidae are described and figured by Hart ; ^ 
the jDupa is renmrkably like a I^epidopterous pupi. Wc*. have five 
genera and about a score of species of Tabanidae in Britain. 

Fam. 16. Acanthomeridae. — A very small iamily of two 
genera {Acanthomera and BhapMorhynchua) confined to America, 
and including the largest Diptera, some being two inches long. 
The antenna is terminated by a compound of seven segments and 
a style; 11 le proboscis is short, and the squama rudimentary. 
The geiiery* form reminds one of Tabanidae or Oestridae. A 
dried larva exists in the Vienna collection ; it is amphipneustic, 
and very remarkable on account of the great size of the anterior 
stigma. 

' Bull, Illinois Lab. iv. 1895. 



Fro. 230. — Tiurva of a Taha- 
iiitl. Ati/lolvs fuic-iis,] 
A. the larva, x 3 ; B, 
head ; C, end of bcxly ; 
D. oiu; of the i)seudo|iods. 
New Forest 
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Fam. 17. Therevidao. — Moderate^sized flien, with somefiohat 
the a][fpearance, of short Asilidae. They have, hottrever, only a 
feeble fleshy y^ohoseis, and, minute claws, with pulvilli but no 
empodium ; the antenime project, are short, 
three jointed, pointed, — The flies of this 
family are believed to be predaceous like 
the Robber-flies, but they appear to be very 
feebly organised for such a life. We have 
about ten species in Britain, and there 
are only some 200 known from all the 
world. But little is known as to the meta- 
morphoses. Meigtm found larvae of T 

..... nohilitata in rotten stumps, but other larvae 
Pro. 231.— , , _ , , . , , 

eephalu) ctmjitiU, A, have been lecorded as devouring dead pupae 

(Attar Perrir) larvae of Lepidoptcra. The larvae are said 

to be elongate, very slender, worm-like, and 
to have nineteen body-segments, the posterior pair of spiracles 
being placed on what looks like the seventeenth segment, but is 
really the eightli of the abdomen. The pupa is not enclosed 
in the larval skin ; that of Psilocepliala is armed with setae and 
spinous prexiesses, and was found in rotten wood by Frauenfeld. 

Fam. 18. Scenopinidae. — Rather small flies, without bristles. 
Antennae three-jointed, the third joint rather long, without ap- 
pendage. Proboscis not projecting. Empodium absent. These 
unattractive flies form one of the smallest families, and are 
chiefly found on windows. S. fenestralis looks, like a tiny 
Stratiomyid, with a peculiar, dull, metallic surface. The larva 
of this species has Ijeen recorded as feeding on a variety of 
strange substances, but Osten Sacken is of opinion ^ that it is 
really predaceous, and frequents these substances in order to find 
the larvae that are developing in them. If so, Scenopinus is useful 
in a small way by destroying “ moth," etc. The Jarva is a little 
slender, cylindrical, hard, pale worm of nineteen segments, with 
small brown head placed like a hook at one extremity of the body 
and with two short, divergent processes at the other extremity^ 
almost exactly like the larva of Thereva. Full refevsnees to the . 
literature about this Insect are given by Osten Sacken. 

Fam. 19. Nemestriiddae. — ^These Insects appear to be allied 
to the Boinbyliidae. They are of medium size, often pilose, and 
^ Ent. Slag, xxiii. 1886, p. 51. 
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9ometimeB with excessively long proboscis ; antennae short, with a 
simple third joint, and a jointed, slender, terminal appendage ; the 
tihicte have no spurs, the empodium is pidiil Ins-like. The wing- 
nervuration is perhaps the most complex found in Biptera, there 
being numerous cells at the tip, almost after the fashion of 
Neuroptera. Witli this family we commence the aerial forms 
composing the Tromoptera of Osten Sackeii. Nemestrinidae is a 
small family of about 100 siiecies, but widely distributed. 
Megistorhynelms lohgirostris is about two-thirds of an inch long, 
but has a proboscis at least four times as long us itself. In 
Sopth Africa it may lie seen endeavouring to extract, with this 
proboscis, the honey from the flower of a Gladiolus that lias a 
perianth just as long as its own rostrum ; as it attempts to do this 
when it is hovering on tlie wing, and as the proboscis is, unlike 
that of tlie Jlonibylii, lixed, the Insect can only succeed by con- 
trolling its movements with perfect accuracy ; hence it has great 
difficulty in attaining its purpose, especially wlien there is much 
wind, when it freipiently strikes the eiirth instead of the flower. 
M. Westerniaiin thinks ^ the life of the Insect and tlie appearance 
and duration of tlie flower of the Gladiolus are very closely con- 
nected. The life-history of Hirmoneura obscura has recently Ixien 
studied in Austria by Handlirsch and Brauer.'^ The larva is par- 
asitic on the laiwa of a Jjamellicorn beetle {Ithizotrogvs solstitialis ') ; 
it is nietapneustic, and the head is highly mocUtied for predaceous 
purposes. The young larva apparently differs to a considerable 
extent from the matured form. The most curious fact is that the 
parent fly does not oviposit near the Lamellicorn-larva, but places 
lier eggs in the burrows of some wood-boring Insect in logs; the 
larvae when hatched come to the surface of the log, hold them- 
selves up on their hinder extremity and are carried away by the 
’ wind ; in what manner they come into contact with the Lamellicorn 
larva, which feeds in turf, is unknown. The pupa is remarkable 
on account of the prominent, almost stalked stigmata, and of two 
pointed divergent processes at the extremity of the body. This 
. life-histor}^^s of much interest, as it foreshadows to some extent 
the complex parasitic life-histories of Bombyliidae. The Nemes- 
trinidae are not represented in the British fauna. 

Fam. 20. Bombyliidae. — Body frequently fringed with down, 

^ Ann. Soe. ent. France, ii. 1833, p. 492. 

^ fFicn. ent, ZeU, ii. 1883, pp. 11 and 24, pi. i. 



486 


DIPTERA 


• CHAP. 


or covered in targe with hair. Lege slender, claws small, 
without distim’t evipodium, nmiallg vnth only -minute piUvilli. 
Proboscis very long or moderate, antennae three-jointed, terminal 
joint not distinctly divided, sometimes large, sometimes hair-lihe. 
This is a very large family, inelucling 1500 species, and is of 
great importance to both naturjilist and economist. Two well- 
marked types, formerly treiited as distinct families, are included in 
it — (1) the Bombyliides with very long cxserted rostrum, and 
humped thorax; and (2) Anthracides, with a short beak, and of 
more slender and grjiceful Form. None of these Hies are blood- 
suckers, tliey frequent flowers only, and use their long rostrums in 
a harmless manner. Tlie members of both of these groups usually 
have the wings ornamented with a pattern, which in Anthrax 
is freipiently very remarkalde ; in lK)th, the clothing of the body 
is frequently variegated. Their powers of flight are very great, 
and the hovering Bomhylius of early spring is endowed with an 
unsurpassed capacity for movement, remaining j)erfectly still on 
the wing, and darting off with lightning rapiiiity ; Anthrax is 
also most rapid on the wing. In Britain wo have but few 
species of Bombyliidae, but in warm and dry climates they are 
very numerous. The life-history of these Insects was till recently 



Fio. 232 . — ArgyromfMha iriftuciata. A, 
Young larva ; B, adult' larva ; C, 
pupa. France. (After Fabre.) 
A, Greatly, B, C, elightly inagiiitled. 


unknown, but that of Argyro- 
moebft {Anthrax) trifascia ta has 
been described by the French 
naturalist, Fabre, who asc^^rtained 
that the species is parasitic on the 
Mason-l)ee, Chalicodoma muraria, 
that forms nests of solid mas** 
onry. He endeavoured to dis- 
cover the egg, but failed; the 
IMirent-fly oviposits, it appears, 
by merely’ dropping a minute 
egg while flying over the surface 
of the mass of masonry by which 
the grubs of the Chalicodoma are 
protected. From this egg there 
is hatched a minute delicate ver- 
miform larva (Fig. 232, A). In 


order to obtain its food, it is necessary for this feeble creature to 
penetrate the masonry ; apparently a hopeless task, the animal" 
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being scarcely a twentieth of an inch long and very slender ; it 
is, however, provided with a deflexed horny head, armed in front 
with some stiff bristles, while on the under surface of the body 
there are four piirs of elongate setae serving as organs of loco- 
motion ; thus endowed, the frail creature hunts about the sur- 
face of the masonry, seeking to find an entrance ; frequently it 
is a long time before it is successful ; but though it has never 
taken any food it is possessed of great powers of endurance. 
Usually, after being disclosed from the egg, it remains about 
lifteen days without stirring; and even after it emnniences its 
attempts to enter the nest it is still capable of a long life witliout 
taking any food, l^ossibly its organisation will not permit it to 
feed (supposing any food were obtainable hy it) without its 
growing somewhat tliereafter, and if so, its chance of obtaining 
entrance through the masonry w'ould be diminished. Abstention, 
it would ap|)ear, is the best ^lolicy, whether inevitable or not ; 
so the starving little larva continues its endeavours to find a 
chink of entrance to the food contained in the interior of the 
masonry. It lias plenty of time for this, Waiise it is better for 
it not to get into the cell of the bee until the grub is quite full 
grown, and is about to cissume the pupal form, when it is ((uite 
incapable of self-defence. Finally, after greater or less delay, 
the persevering little larva succeeds in finding some tiny gap in 
the masonry through which it cmi force itself. M. Fabre says 
that tlie root of a plant is not more ][)ersistent in descending 
into the soil that is to support it than is this little AnUhrax 
ill insinuating itself through some crack that may admit it to its 
food. Having once effected an entrance the organisation that 
has enabled it to ilo so is useless ; this x^rirnary form of the larva 
has, in fact, as its sole object to enable the creature to penetrate to 
its food. Having penetrated, it undergoes a complete change of 
form, and appears as a creature specially fitted for feeding on the 
quiescent lar\’'a of the bee without ilestroying it. To accomplish 
this requires an extreme delicacy of organisation and instinct ; 
to bite ^le prey would be to kill it, and if this were done, the 
Anthrax would, Fabre supposes, ensure its own death, for it 
cannot feed on the dead and putrefying grub ; accordingly, the 
part of its body that does duty as a mouth is merely a delicate 
sucker which it apxdies to the skin of the Chalicodonia-gnib ; 
and thus without inflicting any perceptible wound it sucks day 
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after day, changing its position frequently, until it has completely 
emptied the pupa of its contents, nothing being left but the skin. 
Although this is accomplished without any wound being inflicted, 
so effectual is the process that all the Chalieodoma is gradually 
absorbed. The time requisite for completely emptying the victim 
is from twelve to fifteen days; at the end of this time the 
Anthrax-larwvi is full grown, and the question arises, how is it to 
escape from the cell of solid masonry in wliich it is imprisoned ? 
It entered tiiis cell as a tiny, slender worm through a minute 
orifice or crack, but it has now much increased in size, and exit 
for a creature of its organisation is not possible. For some 
months it remains a quiescent larva in the cell of tlie Chali- 
codoma, but in .the spring of the succeeding ye»ir it undergoes 
anotlier metamorphosis, and appears as a pupa provided witli a 
formidable apparatus for breaking down the masonry by which 
it is imprisoned. The head is Lirge and covered in front with 
six hard spines, to be used in striking and piercing the masonry, 
while the otlicr extremity of the body bears some curious horns, 
the middle segments being arincMl with rigid hairs directed back- 
wards, and thus facilitating movement in a forward direction and 
preventing slipping bfickwards. The pupa is strongly curved, 
and fixes itself by tlie aid of the posterior spines ; then, unbend- 
ing itself, it strikes with the armour of the other extremity 
against the opposing wiill, which is tlius destroyed piecemctil 
until a gallery of exit is formed ; when this is completed the 
pupa -akin bursts and the perfect fly emerges, leaving the 
pupa-case still fixed in the gallery. Thus this species appears 
in four consecutive forms — in addition to the egg — each of 
which is highly specialised for the purposes of existence in that 
stage. 

The habits of our British Bovihylius major have been partially 
observed by Dr. Chapman,^ and exhibit a close analogy with 
those of Anthrax trifasciata. The bee-larva that served os food 
was in this case Andrena lahialis, and the egg was deposited 
by the fly, when hovering, by jerking it against the^bank in 
which the nest of the bee was placed. 

It has recently been discoveied that the larvae of various 
species of Bombyliidae are of great service by devouring the 
eggs of locusts. Biley found that the egg-cases of Caloptenus 
' EtU, Mag. xiv. 1878,’p. 196. 
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spretvz are emptied of their contents by the larvae of Systoechus 
oreaa and Triodites mus, A similar observation has been made 
in the Troad by Mr. Calvert, who found that the Boinbyliid, 
Calloatoma fcLseipennis, destroys large (piantities of the eggs of 
Ccdopte^ms italieus. Still more recently M. Kiinckel d’Herculais 
has discovered that the destructive 

locust Stauromius maroccanns is ^ 

kept in check in Algeria in a 
similar manner, as many as 80 
per cent of the eggs of the locust 
being thus destroyed in certain 
localities. He observes that the 
larva of the fly, after being full 
fed ill the autumn, passes the 
winter in a stote of lethargy — 

he calls it “hypnody” — in the a j b 

egg-case of the locust, and he 

further informs us that in the Africa. A ; B. imago, ap- 
case of A 7 Uhmx feneMndis, which IHJndagM of the left side removed, 
devours the (?gg8 of the large e»t^oo« . 

Ocnerodcs, the lethargy may be prolonged for a period of three 
■ yearn. After the pupa is formed it works a way out of the case 
l)y means of its armature, and then again becomes for some days 
immobile before the perfect fly appears. Icpidopterous larvjie 
are also attacked by Borabyliid flies. A species of Systropus has 
been recorded as destroying the larva of Limaxodes. Several of 
the Bombyliids of the genus just mentioned are remarkable for 
the great resemblance they display to various Hymenoptera, some 
of them being very slender flies, like the thin bodied fossorial 
Hymenoptera. The difference between the pupa and imago in 
this case is very remarkable (Fig. 233). 

Fam. 21. Acroceridae or Qyrtidae. — Flies of the average size, 
of pecvliar form, the small head consistiyig almost entirely of the 
eyes, and hent down under the humped thorax : wings small, halteres 
entirely co^ealed hy the very large horizontal Rimmas ; antennae 
very diverse. The peculiar shape of these flies is an exaggeration of 
that we have already noticed in Bombylius, The mouth in Acro- 
ceridae is veiy variable ; there may be a veiy long, slender proboscis 
{Aerocera), or the mo^th-parts may be so atrophied that it is 
doubtful whether even an orifice exists (flgeodes). There are but 
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Fig. 234 . — Megnlyhm /ym- 
vUis. X 4. (Acrocoridae.) 
Chili. (After Westwood.) 


few species known, and all of them are rai’e ; ^ in Britain we 
have hnt two {Oijvodes ffMosvs, Aerocera fjlobuluii). The genus 
Pterodontia, toiinil in North America and Austmlia, an inflated 
bladdei -like form with a minute head, is 
amongst the most extraordinary of all the 
forms of Diptera. The habits are very 
peculiar, the larvae, so far as known, all 
living as parasites within the bodies of 
spiders or in their egg-bags. It appears,, 
however, that the flies do not oviposit in 
appropriate places, but place their eggs on 
steins of x)Lints, and the young larvae have 
to And their way to the spiders. Brauer has 
descril)ed the larva of the European Asto- 
mellfi lindeni? which lives in the body of a spider, Cteniza 
ariana; it is amphipneustic and maggot-like, the head being 
extremely small The larva leaves the body of the spider for 
pupation ; the pupa is much arched, and the head is destitute of 
the iieculiar armature of the Bomhyliidae, but has a serrate ridge 
on the thorax. Emerton found the larvae of an Acrocera in the 
webs of a common North American spider, Ammirohitis sylvestrisy 
they having eaten, it was supposed, the makers of the cobwebs. 

Fam. 22. Lonchopteridae. — Small, slender flies, with pointed 
wings, short, porrer^t antemme, ivith a simple, circular third joint,^ 
bearing a bristle ; empodium verg small, pulvilli absent, — Only one 
genus of these little flies is known, but it is apparently widely 
distributed, and its members are common Insects. They have 
the appearance of Acidyptrate Muscidae, and the nervuration of 
the wing is somewhat similar, the nervures being simple and 
])arallel, and the minute cross -nervures placed near the base. 
The systematic position is somewhat doubtful, and the meta- 
morphoses are but incompletely known, very little having been 
added to what was discovered by Sir John Lubbock in 1862.® 
The larva lives on the earth under vegetable matter ; it is very 
transjMii'ent, amphipneustic, with a peculiar head, and with fringes- 
011 the margins. This larva changes to a semi-pupa or apterous 
maggot-like form, within the larval skin; the true pupa was 


^ For figures, etc., cf. Westwood, Tr, ent, Soc, London, 1876, p. 607, pis. y. vi. 
® Verh, Qe$, Wien, xix. 1869, p. 737, pi. xiii. 

^ Tr, eni, Soc. Lmidm (3) i. 1862, p. 338, pi. xi. 
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not noticed by Lubbock, but Fraucnfeld' has since observed it,, 
though he only mentions that it possesses difterentiated limbs 
and segments. The metamorphoses appear to be very peculiar. 
This fly reipiircs a thorough study. 

Fam. 23. Mydaidae. — Larae jHcs of dongatr form; the hind 
femora long and toothed heneaih ; the anteiinae knobbed at the tipy 
2 )rojectingy rather long, the basal joint dejinite, but the divisions 
of the mbsegnent joints more or less indistinet. Empodinni small. 
Wings frequently heavily pigmented ; with a complex nervuralion. 
These fine flies arc exotic ; a few species wcur in the Mediter- 
ranean region, even in the South of Euro])e ; the chief genus, 
MydaSy is South Americiin, but most of tlie otlier genera are 
Australian or African. But. little is known as to the life- 
histories. The larvae are thought to live in wooil, and to prey 
on Coleopterous larvae. 

Fam. 24. Asilidae (JRoVber -flies). — Mouth Jorming a short, 
p^rojecting horny beaky the palpi usually only small; the feet 
generally largely developed; the dates large, frequently thick and 
blunt, the pnlvilli generally elongate, the empodinni a bristle; 
halteres free; no squama. The Asilidae is one of the largi^st 
families of flics, and probably includes about 3000 described 
species: as will readily be believed, there is much variety of 
form ; some are short and thick and extremely hairy, superficially 
res<3mbling hairy bees, but the majority ai*e more or less elongate, 
the abdomen being specially long, and having eight sctgments 
conspicuously displayed. The antennae are variable, but are 
three -jointed with a terminal ap{)endago of diverse form and 
structure. They belong to the super-family Energopoda of Osteri 
Sacken, but the association of Empidae and Uolichopidae with them 
does not seem to be very natural In their ixerfeift state these 
flies are most voracious, their prey being Insects, which they 
seize alive and impale with the rostrum. They are amongst 
the most formidable of foes and fear nothing, was^is or other 
stinging Insects being attacked and mastered by the stronger 
species ^ithout difficulty. They have been observed to capture 
even dragon-flies and tiger-beetles. As is the case with so many 
other Insects that prey on living Insects, the appetite in the 
Asilidae seems to be insatiable ; a single individual hall been 
observed to kill eiglit moths in twenty minutes. They have 
^ Verh. Oes. Wien, xix. 1869, p. 941. 
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been said to suck blood from Vertebrates, but this appears to be 
erroneous. The metamorphoses of a few si)ecics have been ob- 
served. Perris has called attention to the close aHiance between 
the larvae of Tabanidae and of Asilidae,' and it seems at present 
impossible to draw a line of distinction between the two. So 
far as is known, the larvae of Asilidae are terrestrial and 
predaceous, attiicking more particularly the larvjje of Coleoptera, 
into which they sometimes bore ; in Laphria there are numerous 
pseudopods, somewhat of the kind shown in Fig. 230, but less 
perfect and without hairs ; the heiul and breathing organs appear 
to bo very different. According to Beling’s descriptions of the 
larvae of Asilm, the head in this case is more like that of the 
figure, but there are no pseudopods. The flics of Asilidae and 
Tabanidae are so very distinct that these resemblances between 
their larvae are worthy of note. 

Fam. 26. Apioceridae. — Modercde^&ized flies marked vnth hlack 
aiul lohite, with a% appearance like that of some Museidae and 
Asilidae ; with clear wings, the reins not deeply coloured ; antennas 
short, with a short, simple appendage ; no empodium. But little 
is known as to the flies of this family, of which only two genera, 
consisting of about a dozen species, are found in North America, 
Chili, and Australia. Osten Sacken is inclined to treat them 
as an aberrant division of Asilidae. Brauer looks on them as 
primitive or synthetic forms of much interest, and has briefly 
described a larva which he considers may be that of Apiocera, 
but this is doubtful ; it is a twenty-segmented form, and may be 
that of a Thereva? 

Fam. 26. Empidae. — Snudl or moderate^sized flies of obscure 
colours, grey, rusty, or blask, with small head, somewhat globular 
in form, ‘loith three-jointed antennas, the terminal joint long and 
pointed ; usually there is a long slender beak ; the legs are elongate, 
frequently hairy ; the tarsi bear long pulvilli and a small em- 
podium The Empidae are an extensive family of flies, with 
predaceous habits, the rostrum being used by the female as 
an instrument for impaling and sucking other flies. X^ey are 
occasionally very numerous in individuals, especially in wooded 
districts. There is great variety ; there are nearly 200 species 
in Britain. The forms placed in the sub-family Hybotinae are 
, curious slender little Insects, with very *couvex thorax and 
'' * Atm, Soc, ent, F^nce (4) x. 1870, p. 221. * SB, Ah, Wi/m, xcL 1885, p. 892. 


VII EMPIDAE — DOLICHOPIDAE 493 

. — i ; 

large hind legs. In Hemerodromia the front legs .are raptorial^ 
the femora being armed with spines on which the tibiae 
close so as to form a sort of trap. Many Empidac execute 
aerial dances, and some of the species of the genus Hilara ai’o 
notorious for carrying veils or nets in the form of silken webs 
more or less densely woven. This subject is comparatively new, 
the fact having been discovered by Baron Osten Sacken in 
1877 v aiid it is not at all cleiir what pui’posc*. these peculiar 
constructions serve ; it appears probable that they are carried 
by means of the hind legs, and only by the males. Mik thinks 
that in //. sartor the veil acts its a sort of parachute, and is of 
use in carrjdng on the aerial performance, or enhancing its 
edect ; while in the case of other species, i/. rmura and H. inter- 
stincta, the object appears to be the capture or retention of prey, 
after the manner of spiders. The source of the silk is not 
known, and in fact all the details are insuiliciently ascertained. 
The larvae of Empidjie are described iis cylindrical maggots, with 
very small head, and imperfect ventral feet ; the stiginaUi are 
amphipncustic, the thoracic pair being, however, excessively 
small ; beneath the posterior pair there is nearly always a tooth- 
or spine-like prominence present. 

Fam. 27. Dolichopidae. — Graceful flies of metallic colours^ 
of moderate or small size, and long legs ; usually with bristles on the 
thorax and legs, the halteres exposed, squamae 
being quite absent; antennas of two short stout 
joints {of which the second is really two, its 
division being more or less distivsf), with a 
thread-like or hair-like appendage. Proboscis 
short, fleshy. Claws, pulvilli, and empodium 
small ; wings with a simple system of nervures, 
those on the posterior part of the wing are hut 
few, there is no anterior basal cross-vein be- 
tween the discal and second basal cells, which 
therefore form hut one cell. This is also a jSwJ- 

very extensive fEimily of flies, of which we term avibiffuus. 
have pivbably about 200 species in Britain. 

They are conspicuous on account of their 

golden, or golden-green colours, only a few being yellow or black. 

^ AW. Mag. xiv. 1877, P. 226 ; for a discuBsioxi of the subject see Mik, IVien. 
ent. ZtU. xiii. 1894, p. 273^ 
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The males are remarkable for the curious special characters they 
possess on the feet, antennae, face, or wings. These characters 
are not alike in any two species ; they are l)elicved to be of the 
nature of ornaments, and according to Professor Aldrich and others 
are used as such in courtship.^ This family of Hies approaches 
very closely to some of the Acsilyptrate Muscidae in its char- 
acters. It is united by Brauer with Empidae to form the tribe 
Orthogenya. Although the species aie so numerous and 
abundant in Europe, little is known as to their metamorphoses. 
Some of the larvtie frequent trees, living under the bark or in 
the overilowing siip, and are believed to be carnivorous ; they are 
amphipneustic ; a cocoon is formed, and the pupa is remark- 
able on account of the existence of two long horns, bearing the 
spircocles, on the back of the thorax ; the seven j)airs of abdominal 
spiracles being excessively minute.^ 

Series 3. Oyclorrhapha Aschiza 

Fam. 28. Phoridae. — Small flies, with very convex thorax, 
smdl head, very small two-jointed antennae, hearing a long seta ; 
Jemora more or less broad ; wings with two dark, thick, aj^prood- 
mate veins, meeting on the front margin near its middle, and 
besides these, three or four very flue veins, that run to the imirgUis 
in a sub-parallel manner without forming any cells or forks. This 
obscure family of flies is of small extent, but its members are ex- 
tremely common in Europe and North 
America, where they often occur in 
iiurabci’s running on the windows of 
houses. It is one of the most isolated 
Fio. 236.— Wing of Tripura groups of Diptera, and great difference 

aierrinn^ one of the Phor- yf opinion prCVilils aS tO itS clossiflca- 
vi i V B , Britain. * . 

tion. The wing-ncrvuration is peculiar 
(but varies somewhat in the species), the total absence of 
any cross -veins even on the basal part of the wing being 
remarkable. There exe bristles on the head and thorax, but 
they are not arranged in a regular manner. The larvae 
live in a great variety of animal and vegetable decaying matter, 

^ Amer. Natural, xxviii. 1894, p. 35. 

* Perris, Ann, Soc. ent, France (4) x. 1870, p. 321, pi. 4 ; and Laboulbene, op, 
(6) ill. 1873, p. 60, pL v. * 
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and attack living Insects, and even snails, though probably 
only wlien these are in a sickly or diseased condition. The 
metamorphoses of several species liave been descrilxHl.^ The 
larvae are rather slender, but sub-conical in form, with eleven 
segments and a veiy small head, amphipneustic, the body liehind 
terminated by some pointed prcx'x‘.sscs. The piipi is i^markable; 
it is contained in a case formeil by the contracted and hardened 
skin of the larva; though it differs inucli in form from the 
larva the segmentation is distinct, and from the fourth M^gmeiit 
there project two slender processes. These are breatliing organs, 
attsiclied to the prothorax of the imprisoned pupa; in what 
manner they eifect a pisstige through the haiilcneil larval skin 
is by no inen.ns clear. Perris supposes tliat holes for them 
pre-exist in the larval skin, and that the newly-formed pupa by 
restless movements succeeds in bringing the processes into such a 
position that they can pass through the holes. The dehiscence 
of the puparium seems to occur in 
a somewhat irregular manner, as 
in Microdon; it is never Cyclor- 
rhaphous, and according to Perris 
is ocwisionally Orthorrhaphous ; 
probably there is no ptilinuiiL 
The Insect I’cccntly described by 
Meinert as Aenigmatias hlnitoides^ 
is so anomalous, and so little is 
known about it, that it cannot at 
present be chissified. It is com- 
pletely apterous; the arrangement 
of the body-segments is unlike that 
of Diptera, but the antennae and 
mouth-parts are s»iid to be like those of Phoridae. The Insect 
was found near Copenhagen under a stone in the runs of Formica 
fusca. Meinert thinks it possible that the discovery of the 
male may prove Aenigmatiojc to be really allied to Phoridae, 
and Mik suggests that it may be the same as Platyphora Ivhhocld^ 
Verrall, k^iown to lie jiarasitic on ants. Dahl recently described 
a wingless Dipteron, found living as a parasite on land-snails in 
the Bismarck archipelago, under the name of Pvliciphora lucifera, 

^ Perris, Ann. Soe. ent, France (4) x. 1870, p. 364. 
s Ent MeddeleUer, ii. 1890, p. 213. 



Fig. 237. —AenirtmaJf.ifiH htnUoitles. 
X 27. Denmark. (Alter Meinert.) 
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and Wandolleck has Recently made for this and some allies the 
new family Stethopathidae. It seems doubtful whether these 
forms are more than wingless Phoridae. 

Fam. 29. Platypezidae. — Small Jlies, loith porrect three^ 
jointed antennae^ first two joints short, third lomjer, with a 
terminal seta ; no bristles on the back ; hind legs of mule, or of 
both sexes, with peculiar, broad, fiat tarsi ; the middle tibiae bear 
spurs; there is no empodiu'nP. Platypezidae is a small family 
of flies, the classification of which has always been a matter of 
considerable difficulty, and is still uncertain. The larvae are 
broad and flat, fringed at the margin witli twenty-six spines ; they 
live Ijetween the lamellae of Agaric fungi. At pupation the form 
alters but little ; the imago emerges by a horizontal cleft occurring 
at the margins of segments two and four.^ We have four genera 
(Opetia, Platycnema, Platypeza, Callomyia), and nearly a score of 
si^ecies of Platyj-Kjzidjie in our British list, but very little seems to 
be known about them. There is mucl) ilifference in the eyes of 
the sexes, in some at any rate of the siHicdes, they being large and 
contiguous ill the male, but widely separated in the female. 

Fam. 30. Pipunculidae.^ — Small flies, with very short antennae 
hearing a long seta that is not termiml ; head almost globular, 
formed, except at the back, almost entirely by the large conjoined 
eyes ; the head is oidy slightly smaller in the female, but in 
the male the eyes are more approximate at the top. This is 



another of the small fami- 
lies of flies, that seems dis- 
tinct from any otlier, though 
possessing no very im- 
portant cliaracters. In many 
of the flies that have very 
large eyes, the head is 


Fro. 238. — HeadofPt]pH>i<:ii/tM8p. A,Seenfh>m either flattened (i.e, com- 

from before back- 
wards, as in Tabanidae, 
Asilidae), or forced beneath the humped thorax (as in Acro- 


ceridae), but neither of these conditions exists in Pipunxulus j 


in them the head extends far forwards, so that the area of the 


^ Frauenfeld, Verh. Ges. Wien, xx. p. 37, pi. iii. 

^ For monograph of Pipunculidae, see Becker, Berlin, ent. ZeUechr. xlii. 1897, 
pp. 25-100. * 
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eye compared with the size of the body in perhaps greater thaii 
iu any other Diptera. The general form is somewhat that of 
Anthrax^ but the venation on the hind part of the wing is much 
less complex. There is a remarkable difference between the facets 
on the front and the biick of these great eyes. We have throe 
genera and about a dozen species of Pipunculidae iu Britain but 
apparently they are far from common Insects. What is known 
about the life-history is almost confined to an imperfect observa- 
tion by Boheman, w'ho found the larva of l\Jtisci2ies living after 
the manner of a Hynienoiiterous parasite in tlie body of a small 
Homopterous Insect.' The pupa seems to be of the type of that 
of Syi*phidae. 

Fam. 31. Oonopidae. — Elegant flies of moderate size, of varied 
dolours, with abdomen slender at the base, at the tip. strongly 
incurved and thicker; antennae inserted close together on a 
prominence, three • jointed, first joint sometimes very short. The 
uppe^r mi fojce of the body without bristles or with but few. There 
is a slender, elongate proboscis, which is retractile aud usually 
invis'ible. This rather small family of flies includes some of the 
most remarkable forms of Diptera; it includes two divisions, 
the Conopinae with long antennae terminated by a very minute 
pointed process, and Myopinae with shorter antennae bearing a 
hair that is not phiced at the end of the third joint. The 
former arc the more wasp-like and elegant ; the Myopinae being 
much more like ordinary flies, though they frequently have 
curious, inflated heads, with a white face. The mode of life of 
the larva of Conops is peculiar, it being parasitic in the interior 
of Bombus, or other Hymenox^tera. They have been found to 
attack Bombus, Chalicodoma, Osmia, Vespa, Pompilus, and other 
Aculeates. Willistou says that Orthoptera are also attacked. 
Conops has been seen to follow Bumble-bees and alight on them, 
and Williston says this act is accompanied by oviposition, the 
larva that is hatched boring its way into the body bf the bee. 
Others have supposed that the flies enter the bees’ nests and 
place their eggs in the larvae or pupae ; but this is uncertain, for . 
Conops ha% never been reared from a bee-larva or pupa, though 
it lias frequently been procured from the imago : cases indeed 
•having been recorded in which Conops has emerged from the body 

’ QA’. Ak, Fork. xi. 1854, p. 302, pi. siuco confirmed by others, see Giard, 
C.R, Ac. Set. oix. 1889, pp. TO and 708. 
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of a BomhvA several months after the latter had been killed and - 
placed in an entomologist's collection. The larva is broadb and 
when full grown apparently occupies ne^irly all the space of 
the interior of the abdomen of the bee; it has very peculiar 
terminal stigmata. The pupa is formed in the larval skin, 
which is greatly shortened and indurated for the purpose ; this 
instar bears, in addition to the posterior stigmata, a pair of 
slightly projecting, anterior stigmata. We have several species 
of Conopidae in Britain ; those belonging to the division 
Conopinae are all rare Insects, but the Myopinae are not so. 
sctirce; these latter are believed to be of similar habits with 
the Conopinae, though remarkably little is known about them. 
This is another of the nuinerouB families, the relations of which 
are still a subject for elueddation. Brauer places the Conopidae in 
his section Schizophora away from Syrphidae, but we do not com- 
prehend on what grounds ; an inspection of the head shows that 
there is no frontal luiiule as there is in Eumyiidiie ; both Myopa and 
Cono 2 )s agreeing fairly well with SyrphtiR as to this. We therefore 
place the family in its old position near Sytphus till the relations 
with Acalypterate Muscidae shall be better established. 

Fam. 32. Syrphidae {Hover -Jlies). — Of moderate or rather ■ 
larye size, frequently spotted or handed %oith yellow, %vith a thick 
Jleshy proboscis eapahle of being withdrawn into a cleft on the 
under side of the head ; anteniuie not placed in definite cavities, 
three-jointed {mvMlly very short), and leaving a seta that is not 
terminal in, position, aixd may be feathered. Squa^na variable, never 
entirely covering the halter es; the chief (third to fifth) longitudinal 
veins of the mngs connected near their termination by cross-veins 
and 'usually thus forming a sort of short margm parallel with the 
hind edge of the wing ; a more or less imperfect false nervure run- 
'fling between the third and fourth longitudinal nervures; no em- 
podimn and generally no distinct system of bristles on the bach of 
the body. The Syrphidae (Fig. 212) form one of the largest and 
best known of all the families of flies ; they abound in our gardens 
where, in sunny weather, some species may be nearly always 
seen hovering over flowers, or beneath trees in place§ where the 
rays of the sun penetrate amidst the shade. There are two er 
three thousand species known, so that of course much variety 
exists ; some are densely covered with hair (certjiin Vol'ucdla and 
others), many arc of elegant form, an(> some bear a consider- 
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able resemblance to Hymenoptera of vairions groups. The 
peculiar veining of the wings permits of their easy identification, 
the line of two nervules, approxiinately parallel with the margin 
of the distal part of the wing (Fig. 212, D), and followed by a deep 
bay, being eminently characteristic, though there are some excep- 
tions ; thei'e are a few forms in which the antennae are exceptional 
ill having a terminal pointed process. The proboscis, besides 
the membranous and fleshy lips, consists of a series of pointed 
slender lancets, the use of which it is difficult to comprehend, as 
the Insects are not known to pierce either animals or vegetables, 
their food being chiefly pollen; honey is also doubtless taken 
by some species, but the lancet -like organs apx)car equally 
ill-adapted for dealing with it. The larviie are singularly 
diversified ; first, there are the eaters of Aphidae, or green-fly ; 
some of these may be generally found on our rose-bushes or on 
tliistlesj when they are much covered with Aphids ;'they are soft, 
maggot-like creatures with a great ctipacity for changing their 
shape and with much power of movement, especially of the 
anterior part of tlie body, which is sti'etched out and moved 
about to . obtain and spear their prey : some of them are very 
transparent, so that the movements of the internal organs and 
their vivid colours can readily be seen : like so many other 
carnivorous Insects, their voracity appears to be insatiable. The 
larvae of many of the ordiniuy Hover-flies are of this kind. 
lUristalis and its allies are totally different, they live in water 
saturated with filth, or with decaying vegetable matter (the 
writer has found many hundreds of the larvae of Myiafropa 
Jlorea in a pool of water stjrtiding in a hollow beech-tree). These 
rat-tailed maggots are of great interest, but as they have been 
described in .almost every work on entomology, and as Professor 
MialP has recently given an excellent account of their pecu- 
liarities, we need not now discuss them. Some of the flies of 
the genus Eristalis are very like honey-bees, and appear in old 
times to have been confounded with them ; indeed, Osten Sackeii 
thinks this reseml^^nce gave rise to the ''Bugonia myth,” a 
fable of V(%y ancient origin to the effect that Honey-bees could 
be procured from filth, or even putrefying carcases, by the aid of 
certain proceedings that savoured slightly of witchcraft, and 
may therefore have increased the belief of the operator in the 

^ NtUuml History of AqiuUic hisssts, 1895, p. 198. 
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possibility of a favourable result. It was certainly not bees that 
were produced from the carcases, but Osten Sackeii suggests that 
JSns^o/iVllies may have been bred therein. 

In the genua VoluceMa we meet with a third kind of Syrphid 
larva. These larvae are pallid, broad and fleshy, surrounded by ' 
numerous angular, somewhat spinose, outgrowths of the body ; 
and have behind a pair of combined stigmata, in the neighbour- 
hood of whicfi the outgrowths are somewhat larger ; these hirvue 
live in the nests of Bees and Wasps, in which they are abundant. 
Some of the Volueella, like many other Syrphidae, bear a con- 
siderable resemblance to Bees or Wasps, and this has given rise to 
a modern fable about them that appetirs to have no more legiti- 
mate basis of fact than tlie ancient Bees-born-of-carcases myth. 
It was formerly assumed that the Volmella-isiwwd lived on the 
larvae of the Bees, and that the parent flies were providentially 
endowed with a bee -like appearance that they might obtain 
entrance into the Bees’ nests without being detected, and then 
carry out their nefarious intention of laying eggs tliat would 
hatch into larvae and subsequently destroy the larvae of the Bees. 
Some hard-hearted critic remarked that it was easy to understand 
that providence should display so great a solicitude for the welfare 
of the Volucella, but that it was difficult to comprehend how it 
could be, at the same time, so totally iudifierent to the welfare of 
the Bees. More recently the tale has been revived and cited us 
an instance of the value of deceptive resemblance resulting from 
the action of natural selection, without reference to providence. 
There are, however, no facts to support any theory on the subject. 
Very little indeed is actually known as to the habits of Volu-^ 
cella in either the larval or imaginal instars ; but the little that 
is known tends to the view that the presence of the Volucella 
in the nests is advantageous to both Fly and Bee. Nicolas has 
seen Volucella zonaria enter the nest of a Wasp ; it settled at a 
little distance and walked in without any fuss being made. £rn4 
has watched the Voltfcella-lavva/o in the nests, and he thinks that 
they eat the waste or dejections of the larvqp. The writer kept 
under observation VolticellaAavvae and portions of the cells of 
Bombtis, containing some larvae and pupae of the Bees and some r 
honey, but the fly-larvae did not during some weeks touch any of 
the Bees or honey, and ultimately died, presumably of starvation. 
Subsequently, he ex 2 x*rimented with Volucilla-hxyae and a portion 
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of the cotnb of wasps containing pupae^ and again found that the 
flies did not attack the Hyinenoptera ; but on breaking a pufMi 
of the Wasp in two, the fly-lafvae attacked it immediately aiul 
eagerly ; so that the evidence goes to show that the Volncella- 
larvae act as scavengers in the nests of the Hyinenoptera. 
Kitnckel d’Herculais has published an elaborate work on the 
European Volucdla; it is remarkable for the beauty of the 
plates illustrating the structure, anatomy and development, but 
throws little direct light on the natural history of the Insects. 
V, Imnbylans, one of the most abundant of our British species, 
appears in two forms, etich of which has a considerable resem- 
blance to a Bomhua^ and it has been supposed that each of the 
two forms is specially connected with the Bee it resembles, but 
there is no evidence to support this idea ; indeed, there is some 
little evidence to the contrary. The genus Merodmi has larvae 
somewhat similar to those of Volwdla, but they live in bulbs 
of JVarcAsaus; M. equeatris has lieen the ctiuse of much loss to the 
growers of Dutch bulbs ; tliis Fly is interesting on accoitut of its 
great variation in colour ; it has been described as a whole series 
of distinct species. 

The most remarkable of the numerous forms of Syrphid larvae 
are those of the genus Microdon (Fig. 239), which live in ants* 
nests. They have no resemblance to Insect-larvae, and when 
first discovered were not only supposed to he little Molluscs, but 
were actually described os such \uider the generic names of 
Parmvla and Sentelligera, Thei'e is no appearance of segmenta- 
tion of the body; the upper surface is covered by a sort of 
network formed by curved setae, which help to retain a coating 
of dirt; there is no trace ext^ially of any head, but on the 
under surface there is a minilte fold in which such mouth-organs 
as may be present are proliably concealed ; the sides of the body 
project BO as to form a complex fringing arrangement ; the ter- 
minal stigmata are. very distinct, the lateral processes connected 
with them (the "Knospen” of Dr. Meijere), are, however, veiy 
irregular and placed at some distance from the stigmatic scar. 
Pupation ^occurs by the induration of the external covering and 
the growth from it, or rather through it, of two short horns in 
fronib. Inside this skin there is foniied a soft pupa, of the kind 
usual in Cyclorrbaph^us flies; the dehiscence of the external 
covering is, however, of unusual nature, three little piecte being 
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separated from the anterior part of the upper surface, while the 
lower face remains intact. The account of the pupation given 
by Elditt ^ is not complete : the two horns that project are, it 
would appear, not portions of the larval skin, but belong to 
the head of the pupa, and tiiccording to Elditt are used to effect 
the dehiscence of the case for the escape of the fly ; there does 
not appear to any head-vesicle. Nothing is known as to 
the details of the life of these anomalous larvae, M. Poujade 
has described two species found in Fiance in the nests of the 
ant Lasim niger? The larva we figure was found by Colonel 
Yerbury in nests of an Atta in Portugal, and an almost identical 



Fio. 239. — lATva of Microdon sp. Portugal. A, Dorsal view of the larva, x 4 ; 1, 
tlie stiginatic structure ; B, posterior view of stigniativ structure ; C, a portion of 
the inaiginal fringe of Uie b^y. 

larva was recently found by Mr. Budgett in Paraguay. The 
flies themselves are scarce, Microdon mutahilis (formerly called 
M. apiformis) l)cing one of the rarest of British flies. They have 
tlie antennae longer than is usual in Syrpliidae, and the cross- 
veins at the outside of the wing are irregularly placed, so that 
the contour is very irregular : the resemblance to bees is very 
marked, and in some of the South American forms the hind legs 
are flattened and hairy like those of bees. The oviposition of 
Microdon has lieen observed by Verhoeflf he noticed that the fly 
was frequently driven away by tlie ants — in this case, Foi'inica 
sanguinea — but returned undiscouraged to its task. 

A brief resume of the diverse inodes of life of Syrphid larvae 
nas been given by Perris,^ and he also gives some information as 
to the curious horns of the pupae, but this latter point much 

1 EnJt. ZeU. SMHn, vi. 1845, p. 384, pi. i. 

^ Ann. Soe, tfnA. France (6) iii. 1883, ijp. 23, ^tl. i. 

■ Ent. Ndekr. xviii. ’1892, p. 13. ^ Ann. Soe. cut. lYance (4) x. 1870, p. 330. 



VII 


MUSCIDAE ACALYPTRATAE 


503 


wants elucidation. Whether the Syrphidae, or some of them, 
possess a ptilinum that helps them to emerge from the pupa is 
more than doubtful, though its existence has been affirmed by 
several authors of good repute.^ 


Series 4. Oyclorrhapha Schizophora 

Fam. 33. Muscidae acalyptratae. — This group of flies has 
been the least studied of all the Diptera ; it is generally treated 
as composed of twenty or thirty diffei'ent families distinguished 



Fio. 240. —JiiopaiB 
apietUia, Natal. 
A, The fly ; B, ex- 
tremity of cephalic 
protuberauce, more 
magnified. a, 
The eye ; A, th« 
aiiteiiua; (^middle 
of head, front 
view ; f, ocelli. 


by verj” slight characters. It is, liowever, generally admitted by 
systematists that these awmblages have not the value of the 
families of the other divisions of Diptera, and some even go so 
fiir as to say that they are altogether only equivalent to a single 
family. We do not therefore think it necessar}’^ to define each 
one seriatim ; we shall merely mention their names, and allude 
to certain points of interest connected with them. Taken collec- 
tively they may be defined as veiy^ synall flies, with three-jmwted 
antennas {frequently looking as if only two -jointed), hearing a 
bristle that is not terminally placed ; frequently either destitute of 
8quamae%r having these imperfectly developed so as not to covei' the 
halteres ; and possessing a comparatively simple system of nervura- 
iion, the chief nervures being nearly straight, so that consequently 
few cells are formed. ^ These characters will distinguish the group 
^ See on this difficult subject, Becher, Wien. ewt. ZeU. i. 1882, p. 49. 



504 V ' . diptera' ^chap. ; 

■' > .■ ■ . 

If. 

from all the other Diptera except from forms of Aschiza, and : 
from certain Anthomyiidae, with both of which the Acalyptratae 
are really intimately connected. Considerable difTerepce of 
opinion prevails as to the ntimber of these divisions, but the . 
families usually recognised are : — 


1. Doryoeridae. 

2. Tetanoceridae. 

3. Soiomyzidae. 

4 Diopsidae. 

5. Celyphidac. 

^ /Scpsidao 

tincl. PionhiUdae. 
9 rChioropidao 
\(=Oscinidae). 

8. IJlidiidae. 

9. Platystomidao. 

10. ^bydridae. 

11. Heloiuyzidao. 


12. Dryomyzidae. 

13. Borbondae. 

14. Phycodromidac. 

15. Thyroopboridae. 

f'&atophagidae. 
\(=Scatomyzidae). 
nm /Qeomyzidae 

\inol. Otx>myzidae. 
, A f Drosopuilidae ; 

* |incl. Asteidae. 

19. pKilidae. 



21. Trypetidae. 

0.1 r Sapromyzidae 
* Loncbaeidae. 

23. Khopalomeridae. 

24. Ortalidae. 

r Agromyzidae 

25. i iiicl. Phytomyzi- 
I dae. 

26. Miliohiidae. 

27. Octbipbilidae. 

28. Heteroneiiridae. 

29. Cordyluridae. 


Brauer associates Oonopidae with Acalyptrate Muscids, and 
calls the Group Holoinetopa ; applying the term Schizometopa 
to the Galyptrate Muscidae. 

Ko generalisation can yet be made as to the laiTae of these 
divisions, neither can any characters be pointed out by which 
they can be distinguished from the larvae of tlie following 
families. In their habits they have nothing specially distinctive, 
and may be said to resemble the Anthomyiidae, vegetable ' 
matter being more used as food than animal ; many of them 
mine in the leaves or stems of plants; in the genus Dorycera the 
larva is aquatic, mining in the leaves of water-plants, and in 
Ephydridae several kinds of aquatic .Lirvae are found, some of 
which are said to resemble the rat-tailed larvtie of Syi*phidae ; 
certain of these larvae occur in. prodigious quantities in lakes, 
and the Insects in some of their early stages serve the Mexicans 
as food, the eggs being called Ahuatle, the larvae Pusci, the 
pupae Eoo-chah-bee. Some of the larvae of the Sciomyzidae are 
also aquatic: that of Tetanocera ferrtiginea is said by Dufour to 
consist only of eight segments, and to be metapneustic ; Brauer 
considers the Acalyptrate larvae to be, however, in general, 
amphipneustic, like those of Calyptratae. The Chloropidae are /. 
a very important fiyouly owing to their occasional excesrive 
multiplication, and to their living on cereals and other grasses, 
various parts of which they attack, sometin^s causing great loss^ 
^'to the agriculturist. The species of the g^^nus Chloropji are 
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famous for the curious habit of entering human habitations in 
great swarms : frequently many millions being found in a single 
apartment, instances of this habit have been recorded both in 
France and England, Cambridge being perhaps the place where the 
phenomenon is most persistently exhibited. In the year 1831 an 
enormous swarm of G. limata was found in the Provost’s Tjodge 
at Bling’s College and was recorded by Leonard Jenyns; in 
1870 another swarm occurred in the same house if not in the 
same room.^ Of late years such swarms have occurred in certain 
apartments in the Museums (which arc not far from King's 
College), and always in the same apartments. No clue whatever 
can be obtained as to their origin ; and the manner in which 
these flies are guided to a small area in 
numbers that must be seen to be be- 
lieved, is moat mysterious. These swanns 
always occur in the autumn, and it has 
*l)een suggested that the individuals are 
seeking winter quarters. 

Several members of the Acalyptratae 
have small wings or are wingless, as in 
some of our species of Borhorm, The 
Diopsidae — none of which are European 



— liave the sides of the head produced 
into long horns, at the extremity of which 
are placed the eyes and antennae ; thesi*. 
curiosities (Fig. 240) are apparently com- 
mon in both Hindostan and Africa. In 
the liorned flies of the genus Elaphomy ia, 
parts of the head are prolonged into 
horns of very diverse forms according to 
the species, but bearing on the whole a 
great resemblance to ' miniature stag- 
horns. A genus {Qiraffomyia) with^a long 
neck, and with partially segmented appen-^ 
dagos, instead of horns on the head, has 
been recently discovered by Dr. Arthur 



Pio. ^^'l.—CdyphuH (Pa 
edyptitu) sp. West Aftica. . 
A, The fly seen from 
above ; o, seutellum ; b, 
Iwse of wing : B, profile, 
with tip of abdomen bent 
flown wards; n, scntellum ; 
6, h, wing ; c, part of 
abdomen. 


Willey in New Britain. Equally remarkable are the species of 


' Cdyphiu ; they do not look like flies at all, owing to the scntellum 


being inflated imd enlarged so as to cover all the posterior parts 


' LoudmCs MagasiiM^ v. 1882, ps 802 ; P, ent. Soe, Zandon, 1871, p. x. 
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of the body as in the Scutellerid Hemiptera : the wings are 
entirely concealed, and the abdomen is reduced to a plate, with 
its orifice beneath, not terminal; the surface of* the body is 
liighly polished and destitute of bristles. Whether this is a 
mimetic form, occurring in association with similar-leaking 
Bugs is not known. The North American genus Toxotrypana 
is furnished witli a long ovipositor ; and in this and in the sliape 
of the body resembles the parasitic Hymenoptera. This genus 
was i)laced by Geistaecker in Ortalidae, but is considered by 
hiter writers to be a member of the Trypetidae. This latter 
family is of considerable extent, and is remarkable amongst the 
Diptera for the wjiy in wiiicli the wings of many of its members 
are ornamented by an elaborate system of spots or marks, vary- 
ing according to the species. 

Fam. 34 Anthomyiidae. — Flies similar in appearance to 
the Hoiise-Jly ; the main vein posterior to the middle of the wing 
(4^A longitvdinal) continued straight to the margin^ not turned 
upwards. Eyes of the male freguently large and contiguous, 
hristle of antenna either feathery or hare. This very large family 
of flies is one of the most difficult and unattractive of the Order. 
Many of its members come close to the Acalyptrate Muscidae 
from which they are distinguished by the fact tliat a well- 
developed squama covers the halteres ; others come quite as 
close to the Tachiiiidae, Muscidae and Sarcophagidae, but may 
readily be separated by the simple, not angulate, main vein 
of the wing. The larval habits are varied. Many attack 
vegetables, produce disintegration in them, thus facilitating de- 
composition. Anthomyia hrassime is renowned amongst market 
gardeners on account of its destructive habits. A, cana, on the 
contrary, is beneficial by destroying the migratory Locust 
Ikhistocerea peregrina ; and in North America, A. angustifrons 
performs a similar office with Caloptenus spretus. One or two 
species have been found living in birds; in one case on the head of 
a species of Spermophila, in another case on a tumour of the wing 
of a Woodpecker. Hylemyia strigosa, a dung-frequenting species, 
has the peculiar habit of producing living larvae, one*at a time;,^ 
these larvae are so large that it would be supposed they are full 
grown, but this is not the case, they are really only in the first 
stage, an miusual amount of growth being accomplished in this* 
stadium. Spilogaster angelicas, on the other hand, according to 
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Fortschinsky, lays a small nuiulier of very large eggs, and the result- 
ing larvae pass from the first to the third stage of development, 
omitting the second stage that is usual in Eumyiid Muscidae.^ 
Fam. 36. Tachinidae. — Fint postmor cdl of wing nearly or 
quite closed. Squamae large^ eonering the halteres : antennal arista 
hare ; upper surface of body umally bristly. This is an enormous 
family of flies, the larvae of which live parasitically in other living 
Insects, Lepidopterous larvae being especially Iiaunted. . Many 
have been reared from the Insects in which they live, but beyond 
this little is known of the life-histories, and still less of the structure 
of the larvae of the Tachinidae, although these Insects are of the 
very first importance in the economy of Nature. The eggs are 
usually deposited by the parent-flies near or on* the head of tlie 



Fig. 242. — flgimyia aerimrine. A, The perfect fir, x S *, B, tracheal chamber of a Milk- 
worm, with body of a larva of Ugimyia projecting; a, front part of the maggot ; 
6, stigniatic orifice of the maggot ; c, stigma of the silkworm. (After Sasaki.) 

victim ; Biley supposed tliat the fly buzzes about the victim and 
deposits an egg with rapidity, but a circumstantial account given 
by Weeks ® discloses a very different process : the fly he watched 
sat on a leaf quietly facing a caterpillar of Datana engaged .in 
feeding at a distance of rather less than a quarter of an inch. 

Seizing a moment when the head of the larva was likely 
to remain stationary, the fly stealtliily and rapidly bent her 
abdomen downward and extended from the last segment what 
proved to be an ovipositor. Tliis passed forwanl beneath her 
body and between the legs until it projected beyond and nearly 
on a level^with the head of the fly and came in contact with the 
y pye of the laiva upon which an egg was deposited,” making an 
faddition to five ali’eady there. Ugimyia sericariae does great 

1 Barou von Oaten Sacken infomiR the writer that this statement has since been 
withdrawn by Portschinshy as being erroneous. 

> Mt, Amer. iii. 1887, p. 126^ 
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harm in Japan by attacking the silkworm, and in the case of this 
fly the eggs ai-e believed to be introduced into the victim by 
being laid on mulberry leaves and swallowed with the food; 
several observers agree as to the eggs being laid on the leaves, but 
the fact that they are swallowed by the silkworm is not so certain. 
Sasaki has given an extremely interesting account of the develop- 
ment of this larva.' According to him, the young larva, after 
liatchilig in the alimentary canal, bores through it, and enters a 
nerve-ganglion, feeding there for about a week, after which the 
necessity for air becoming greater, as usual with larvae, the 
iiiagg({t leaves the nervous system and enters the tracheal system, 
boring into a tube near a stigmatic orifice of the silkworm, where 
it' forms a chamber for itself by luting portions of the tissues and 
fastening tliem together with saliva. In this it completes its 



Fia. 243. — Diagrammatic nection of mlkworm to ahow the habitn of Ugimyia. a, Young 
larva ; d, agg of Ugimyia in atomach of the Rilkworm ; r-. larva in a nerve-ganglion ; 
f/, larva entering a ganglion ; e, larva embedded in tracheal chamber, as shown in 
Fig. 242, B. (Alter Sasaki.) 

growth, feeding on the interior of the silkworm with its anterior 
jiart, and breathing through the stigmatic orifice of its host ; 
after this it makes its exit and buries itself deeply in the ground, 
where it pupates. The work of rupturing t)i6 puparium by the 
use of the ptilinum is fully described by Sasaki, and also the fact 
that the fly mounts to the surface of tlie earth by the aid of this same 
Xieculiar air-bladder, which is alternately contracted and distended. 
-Five, or more, of the t^imyia-inaggots may be found in one 
caterpillar, but only one of them reaches maturity, and emerges 
from the Ijody. The Tachinid flies appear to waste a large pro- 
portion of their eggs by injudicious oviposition ; but they make 
up for this by the wide circle of their victims, for a siiigle species 
has been known to infest Insects of two or three different Orders. 

The species of MiltogTamm<i—oi which there are many in 
Europe and two in England- — ^live at tt^e expense of Fossorial' 

J, Coll, t/apan, i. 1886, pp. 1-^6, plates i.-vi. 
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Hyinenoptera by a curiouB sort of indirect parasitism. They arc 
obscure little flies, somewhat resembliug the common House-fly, 
but they are adepts ou the wing and have the art of ovipositing 
with extreme rapidity ; they follow a Hymenopteron as it is carry- 
ing the prey to the nest for its young. When the wasp alights 
on the groimd at the entrance to the nest, the Miltofp'amma 
swoops down and rapidly deposits one or more eggs on the prey 
the wasp designs as food for its own young. Afterwards f he. larvae 
of the fly eat up the food, and in consequence of the greater 
rapidity of tlieir growth, the young of the Hymenopteron perishes. 
Some of them are said to deposit living larvae, not eggs. Pabre 
has drawn a very interesting picture of the relations that exist 
between a species of MUtogramina and a Fossorial Wasp of the 
genus Bemhex} We may remind the reader that this Hymenop- 
teron has not the art of stinging its victims so as to keep tlieiu 
alive, and that it accordingly feeds its young by returning to 
the nest at proper intervals with a fresh supply of food, instead 
of provisioning the nest once and for all and then closing it. 
This Hymenopteron has a habit of catching the largest and 
most active flies — especially Tabanidae — for tlie benefit of its 
young, and it would therefore be supposed that it would be safe 
from the parasitism of a small and feeble fly. On the contrary, 
the Miltofp'amma adapts its tactics to the special case, and is in 
fact aided in doing so by the wasp itself. As if knowing that the 
wasp will return to the carefully-closed nest, the Miltogramma 
waits near it, and quietly selects the favourable moment, when 
the wasp is turning round to enter the nest backwards, and 
deposits eggs on the prey. It appears from Fabre*s account that 
the Bemhex is well aware of the presence of the fly, and would 
seem to entertain a great dread of it, as if conscious that it is a 
formidable enemy; nevertheless the wasp never attacks the 
little fly, but allows it sooner or later to accomplish its purpose, 
and will, it appears, even continue to feed the fly-larvae, though 
they are the certain destroyers of its own young, thus repeat- 
ing the relations between cuckoo and sparrow. Most of us 
• think thetwasp stupid, and find its relations to the fly incredible 
or contemptible. Fabre takes a contrary view, and looks on it 
a^; a superior Uncle Toby. We sympathise with the charming 
French naturalist, without forming an opinion. 

1 fiK^woenirs entomoloffiguest 1879, pp. 246-254. 
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Doubtless there are many other interesting features to be found 
in the life-histories of Tachinidae, for in numbers they are legion. 
It is probable that we may have 200 species in Britain, and in 
other parts of the world they are even more abundant, about 
1000 species being known in North America.i The family 
Actiidae is at present somewhat doubtful. According to Karsch,^ 
it is a sub-family of Tachinidae; but the fourth longitudinal 
vein, it appears, is straight. 

Fam. 36. Dexiidae. — These Inserts arc distinguished from 
2\ichinidae- hy the bristle of the antennae being jpnhescent^ and 
the legs usually longer. The larvae, so far as known, are found 
in various Insects, especially in Coleoptera, and liave also been 
found in snails. There are eleven British genera, and about a 
score of species. 

Fam. 37. Sarcophagidae. — Histinguished from Muscidae 
ami Tachinidae hy little mare than that the bristle of the 
antenruie is feathery at the base hut hairlike and very fine at 
the tip. — tSarcophaga earnaria is one of the commonest British 
Insects; it is like the Blow -fly, though rather longer, con- 
spicuously grey and black, with the thorax distinctly striped, 
and the pulvilli veiy conspicuous in the live fly. Cynomyia 
morluorum is a bright blue fly rather larger than the Blow-fly, 
of which it is a competitor ; but in this countiy an unsuccessful 
one. The larvae of the two Insects are found together, and are 
said to be quite indistinguishable. Cy'iuomyia is said to lay only 
about half the number of eggs that the Blow-fly does, but it 
appears earlier in the year, and to this is attributed the fact 
that it is not altogether crowded out of existence by the more 
prolific Calliphora. The species of Sarcophagidae are usually 
viviparous, and one of them, Sareophila viagiiifica {wohlfahrti), 
has the habit of occasionally depositing its progeny in the 
nostrils of mammals, and even of human beings, causing horrible 
sufferings and occasionally death : it is said to be not uncoiumoii 
in Europe, but does not occur in Britain. The genus liarcophaga 
is numerous in species, and many of them are beneficial. Sir 
Sidney Saunders found in the Troad that Locusts weresdestroyed 
by the larvae of a Sareophaga living in their bodies ; and 

^ A list of llie Insects known to be attacked by Dipterous parasites has been 
given by Brauer and Bergenstamm, DenJe. Ak. WieUf^xi. 1895. 

> Berlin, ent. Beit. xxx. 1886, p. 135. 
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Kiinckel has receutly observed that in Algeria several .species 
of this genus attack Locusts and destroy large quantities by 
depositing living larvae in the Orthoptera. In North America 
the Army-worm is decimated by species of Sarcojyhaga. 

Many of these Insects, when food is scarce, eat their own 
species with eagerness, and it seems probable that this habit is 
beneficial to the species. The parent-fly in such cases usually 
dei)0Bit8 more eggs than there is food for, thus ensuring tliat 
every portion of the food will be rapidly consumed, after which 
the partially-grown larvae complete tlieir development by the 
aid of cannibalism. It is thus ensured that the food will raise 
up as many individuals as possible. 

Fam. 38. Muscidae. — BrUtU of antennae feathered. This 
family contains many of the most abundant flies, including the 
House-fly, Blue-bottles or Blow-flies, Green -bottles, and other 
forms which, though very common, are perhaps not dis- 
criminated from one another by those who are not entomologists. 
The larvae live on carrion and decaying or excrementitious 
mattera The common House-fly, Mima domestica, runs through 
its life-history in a very short time. It lays about 160 very small 
eggs on dung or any kind of soft damp filth ; the larvae hatch 
in a day or two and feed on the refuse ; they may be full-grown 
in five or six days, and, then pujxiting, may in another week emerge 
as perfect fliea Hence it is no wonder that tliey increase to 
enormous numbers in favourable climatea They are thought to 
piss the winter chiefly in the pupil state. The House-fly is 
now very widely distributed over tlie world ; it sometimes occurs 
in large numbers away from the dwellings of man. Of Blow- 
flies there are two common species in this country, Oailiphora 
erythrocephala and C. vomitoria. The Green-bottle flies, of wliich 
there are several species, belonging to tlie genus lAtcilia, have the 
Same habits as Blow-flies, though they do not commonly enter 
housea The larvae are said to be indistinguishable from those of 
Calliphora. 

The larvae of Eumyiid Muscidae are, when first liatched, 
metapneutttic, but subsequently an anterior pair of stigmata 
appears, so that the larva becomes amphipneustic. They 
usually go through three stages, distinguished by the condition 
of the posterior stigmata. In the early instar these have a 
single heart-shaped flsifure, in the second stage two fissures exist,. 
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while m the third instar there is a greater diversity in thi^ 
condition of the br^thing apertures. 

The various forms of Muscidae show •considerable distinctions 
in the details of their natural history, and these in certain species 
vary according to the locality. This subject has been chiefly 
studied by Fortschinsky, a Bussiau naturalist, and a very interest- 
ing summary of his results has been given by Osten Sacken,' 
to which the student interested in the subject will do well 
to refer. 

A few years ago a great deal of damage was caused in the 
Netherlands by Lucilia sericata, a Green-bottle-fly, extremely , 
similar to our common Z. caemr^ which deposited its eggs in 
great quantities on sheep amongst their wool. This epidemic 
was attributed to the importation of sheep from England ; but, 
according to Karsch, there is reason to suppose that the fly was 
reall}' introduced from Southern Europe or Asia Minor." 

^ Tlie larvae of species of the genus JAU^ilia sometimes attack 
man and animals in South America, but fortunately not in this 
country. The larva of Lucilia (Compsomyia) mcucdlaria is called 
the screw-wonn, and is the best known of the forms that infest 
man, the larvae living in the nasal fossae and frontal sinuses, 
and causing great' suifering. The fly is common in North 
Amerioi, but is said never to attack inan farther north than 
in Kansas. A little fly {Stomoxys calcitrans), very like the 
common house-fly though rather more distinctly si)ottcd with 
grey and black, and with u fine, hard, exserted proboscis, 
frequently enters our houses and inflicts a bite or prick on us. 
It is commonly mistaken for an ill-naturedT house-fly that has 
taken to biting. It is frequently a source of irritation to cattle. 
A closely allied fly, HaematoHa serrata, is very injurious to cattle 
in North America, but the same species causes no serious annoy- 
ance in England. We may mention that the various attacks of 
Dipterous larvae on man have received the general name 
" myiasis.’" i 

The Tse-tse fly {Qloadna mordtam), another ally of Stomoxysi' 
is not very dissimilar in size and ^hape to the ^blow-fly.‘ 

^ Berlin, ewt. ZeUsehr, xxxi. 1887, p. 17. 

* Biol, CoiUfdlhh vii. 1887, p. 621. 

* For an' account of the habits of this fly, see Kirk, J, Linn, Soe, Viii. 1866» pp*. 

149-156 ; and for a bibliographic Ust, Wnlp, Tijdaehr, Ent, xxvii. 1884, p. xci. aiid 
pp. 143-140. V • 
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It bites man and animals in South Africa, and if it have 

previously bitten an animal 
whose blood was charged with 
the Haematozoa that really con- 
stitute the disease called Nagana 
(fly-disease), it inoculates the 
healthy animal with the dis- 
ease ; fortunately only some 
species are susceptible, and man 
is not amongst them. It has 
recently been shown by Surgeon 
Bruce ^ that this fly multiplies 
by producing, one at a time, a 

X. rni. m X n . . full-grown larva, which imme- 

Fig. 244. — The Tse-tse fly mom , 

taun). A, The fly with three divisions diatcly cliailges tO a pupa, aS 

of the proi»«ci» proj«,tiog: B, ..dolt jo the memlHjrs of the series 

larva ; C, puiia. 

Pupipara. There are already# 
known other Muscid flics with peculiarities in their modes of 
reproduction, so that it is far from impossible that the various con- 
ditions between ordinary egg-laying and full-grown larva- or pupa- 
production may be found to exist Although it has been supposed 
that the Tse-tse fly is a formidable obstacle to the occupation of 
Africa by civilised men, there is reason to suppose that this will 
not ultimately prove to be the case. It only produces disease when 
this pre-exists in animals in the neighbourhood ; only certain 
species are liable to it ; and thei'e is some evidence to the effect 
that even these may in the course of a succession of generations 
become capable of resisting the disease inoculated by the fly. As 
long ago as 1878 Dr. Drysdale suggested ’^ that this fly only pro- 
duces disease by inoculating a blood-parasite, and all the evidence 
that has since been received tends to sliow that his idea is correct. 

Although the facts w’e have mentioned above would lead to 
the supposition that Muscidae are unmitigated nuisances, yet it 
is probable that such an idea is the reverse of the truth, and 
that on the whole their operations are beneficial. It would be 
difficult t^ overestimate ' their value as scavengers. And in 
addition to this they destroy injurious creatures. Thus in 
Algeria Idia /asciata, a fly like the House - fly, destroys the 

^ Preliminary Jgeport 07h ths Tse-tse Fly Disease, 1895. 

* P, Liverpool Soe, zzxiii. 1878, p. 18, note. 
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dreaded mig^tory' Iiocust Schistocerea peregrina in great quantitiesV 
by the larvae eating the eggs of the Locust The .female of this 
fly, in order to reach the desired food, penetrates from one to 
three inches below the surface of the ground. 

Tam. 39. Oeatridae {Bot-jlieB). — Rather . large or very large 
flies, with eostremdy short antenvm,heari7ig a segmented arista* the 
front of the head prominent, the posterior part of the wings fre- 
quently rough, and with hut few veins : the mouth usmdly atrophied, 
the trophi being represented only by tubercles ; larvae living in Verte- 
brates, usually Mammals, though it is jtossihle that a few occur in 
Birds and even in Reptiles, This is a family of small extent, less 
than 100 species being known from all the world, yet it is of 
much interest on account of the habits of its members, which, 
though of large size, live entirely at the expense of living Verte- 
brates, to the viscera or other structures of which they have deiinite 
relations, varying according to the species. Some {Gastrophilus,^i\Ai.) 
•live in the alimentary canal; others {Hypoderma, etc.) are encysted 
in or under the skin; while others {Oestrus, etc.) occupy the respir- 
atory passages. As many of them attack the animals used by man,' 
and some of them do not spare man himself, they have attracted 
much attention, and there is an extensive literature connected 
with them ; nevertheless the life-histories are still very incom- 
pletely known. Indeed, the group is from all points of view a 
most difficult one, it being almost impossible to define the family^ 
owing to the great differences that exist in important points. 
Some think the family will ultimately be dismembei^d; and 
Girschner has recently proposed to treat it as a division of 
Tachinidae. The chief authority is Brauer, in whose writings 
the student will find nearly all that is known about Oestridoe.^ 
Some of them exist in considerable numbers (it is l)clieved that 
they are now not so common as formerly), and yet the flies are 
but rarely met with, their habits being in many respects peculiar.. 
Some of them, for purposes of repose, fre(][uent tlie summits oif 
mountains, or towers, or lofty trees. Some have great powers of 
humming ; none of them are known to bite their victims, indeed 
the atrophied mouth of most of the Oestridae forbids Such a pro- 
ceeding. Some deposit their eggs on the hairs of the beasts from " 

^ Wo may specially mention the monognpli of Oestridae, publislied in - 

the JT. k, Zool,>BU. Oe$. Wien, and supplements ^ Wien, ent, ZeU, v. vl ,18Wi 
1^87 ; these include copious bibUographlc lists. 
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vjlich the larvae are to draw their nutriment, btft others place 
their larvae, 'already hatched, in the entranchs of the nasal 
passages. They do not feed on the blood or tissues of their 
victims, but on the secretions, and these are generally altered or 
increased by the irritation induced by the presence of the un- 
welcome guests. It would appear, on the whole, that their presence 
is less injurious than would be expected, and as they always quit 
the bodies of their hosts for the purposes of pupation, a natural 
end is put to tlieir attacks. We have ten species in Britain, the 
animals attacked being the ox, the horse, the ass, the sheep, and 
the red ^eer ; others occasionally occur in connexion with animals 



"Fig. 24.5 . — Cephalomyia imcvlaJlat a Bot-fly of the camel. Arabia. A, The fly wit! 
extended wings ; B, under aspect of the head : a, antenna ; 6, the obsolete mouth-parts. 

in menageries. The eggs of Gastrophilm equi are placed by the 
fly, when on the wing, on the hair of horses near the front parts 
of the body, frequently near the knee, and, after hatching, the 
young larvae pass into the stomach of the horse either by being 
licked off, or by their own locomotion ; in the stomach they be- 
come hooked to tlie walls, and after being full grown pass out 
with the excreta : the Bots — as these larvae are called — are some- 
times very numerous in the stomach, for a fly will lay as many 
as four or five hundred eggs on single horse : in the case of 
weakly aifimals, perforation of the stomach has been known to 
voccur in consequence of the habit of the Bot of burying itself to 
a greater or less extent in the walls of the stomach. Hypoderma 
lovis attack the ox, and the larvae cause tumours 

in the skin along the Middle part of the back. It was formerly 
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inferred from this that the fly places its eggs in this situatiqp, 
and as the cattle are known to dread and flee from the fly, it 
was supposed to be on account of the pain inflicted when the egg 
was thrust through the skin. Eecent observations have shown 
that these views are erroneous, but much still I'einuins to be ascer- 
tained. The details of oviposition are not yet fully known, 
but it appears that the eggs are laid on the lower parts of the 
body, especially near the heels, and that they hatch very speedily.' 
As tlie imago of Hypoderma appears for only a very short period in 
the summer, the time of the oviposition is certain. The newly- 
disclosed Larva is considerably different from the more advanced 
instar found in the skin of the back ; moreover, a long period of 
many months intervenes between the hatching of the larva and 
its cappearance in the part mentioned. Brauer has shown that 
when the grub is first found in that situation it is entirely sub- 
cutaneous. Hence it would lie inferred that the newly-hatched 
larva penetrated the skin probably near the spot it was deposited 
on, and ^mssed a period in sulx^utaneous wandering, on the. whole 
going upwards till it arrived at the uppermost part : that after 
moulting, and in consequence of greater need for air, it then 
pierced the skin, and brought its breathing organs into contact 
with the external air ; that the irritation caused by the admission 
of air induced a purulent secretion, and caused tlie larva to be 
enclosed in a capsule. Dr. Coop(jr Curtitie has however found, 
in the oesophagus of cattle, larvae that he considers to be quite 
the same as those known to be the young of Hypoderma ; ami 
if this prove to be correct, his inference that the young larvjie 
are licked up by the cattle and taken into the mouth becomes 
probable. The larva, according to tliis view, subse([uently pierces 
the oesoidiagus and becomes subcutaneous by passing throiigli the 
intervening tissues. The later history of the grub is briefly, that 
when full grown it somewhat enlarges the external orifice of its 
cyst, and by contractions and exijansions of the body, passes to 
the surface, falls to the ground, buries itself and becomes a pupa. 
If Dr. Curtice be correct, tl^pre should, of course, be as many, 
if not more, larvae found in the oesophagus as iff the btick 
of the animal; but, so far as is known, this is not the case, and 
we shall not be surprised if the normal course of development l)e 
found different from what Dr. Curtice supposes it to be. His 

^ Riley, Innct Lift^ iv. 1892 , p. 302 . 
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obHervations relate to Hypoderma lineata. Oiir common British 
species is usually supposed to be H. bovis ; but from recent ob- 
servations it seems probable that most of the “Ox-warbles” of this 
country arc really due to the larvae of IT. lineata. 

The history of Oestrus ovis, which attacks the sheep, is also 
incompletely known, but appears to be much simpler. This fly 
is viviparous, and deposits its young larvae at the entrance of the 
nasal passages of the sheep, thereby causing extreme annoyance 
to the animal. The larvae penetrate to the frontal sinuses to 
complete their growth. The duration of their lives is unknown, 
for it is commonly the case that larvae of various sizes are found 
together. Cephenoniyia rujibarhis has recently been found in 
Scotland. It attiicks the Bed deer, and its life-history is similar 
to that of Oestrm ovin, though the larvae apparently prefer to 
attain their full growth in the pharynx of the deer. 

In referenc^e to the Oestridae that attack man, we may merely 
mention that the larva of the Hypoderma of the ox is occasionally 
found in Europe infesting human Inungs, but only as an extremely 
rare and exceptional event; and that only those engaged in 
attending on mttle are attacked ; from which it is inferi'ed that 
the flies are deccuved by an odour emanating from the garments. 
In Americii numerous cases are known of Oestrid larvae being 
taken from the body of man, but information about them is very 
scanty. It appears, however, that there are at least four species, 
one of which, Dermatobia noxiaUs^ is known as a fly as well as a 
larva. Whether any of these are peculiar to man is uncertain.' 
Theic are several larvae of Muscidae that have similar habits to the 
Oestridae ; hence the statements that exist as to larvae being found 
ill bircls and reptiles cannot be considered to apply to members of 
the latter family until the larvae have been studied by an expert. 

The family Ctenostylidae has been established by Bigot for a 
South American Insect, of which only a single individual exists 
in collections. It is doubtful whether it can be referred to 
Oestridae.® 

Series V. Pupipara 

The ^ur families included in this Series are, with the 
exception of the Hippoboscidae, very little known. Most of 

I See Blanchard, Ann. Soe, enl. France (7) ii. 1892, pp. 109, 154. 

9 See Bigot, Ann. Soe. enL France (6) ii. 1882, p. 21, Brauer, Monograph^ 1868, 
p. 51, and Wien. ent. Zeit. vi. 1887, l). 75. 
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them live by sucking blood from Mauimals and Birds, and some- 
times they are wingless parasites. The single member of the 
family Braulidae lives on bees. The term Fupipara is erroneous, 
and it would be better to revert to Bt^aumur’s prior appellation 
Nymphipara. Muggenburg has suggested that the division is 
not a natural one, the points of resemblance that exist 1)etween 
its members being proMly the results of convergence. Kecent 
discoveries as to the modes of bringing forth of Muscidoe give 
additional force to this suggestion. A satisfactory definition of 
the group in its present extent seems impossible. 

Fam. 40. Hippoboscidae. — Wings vety vaHable, sometimes 
present and large, then ivith waved savrfaee and thick nervures 
confined to the anterior and hasfd part ; sometimes mere strip's, . 
sometimes entirely absent. Certain members of this family are well 
known, the Forest-fly, or Horse-fly, and the Sheep-tick belonging to 
it. The prolioscis is of peculiar formation, and not like that of other 
flies. Seen externally it consists of two elongate, closely adapted, 
hard flaps ; these are capable of diverging laterally to allow an inner 
tube to he exserted from the head. The details and morphology 
of the structure have recently been discussed by Muggenburg.^ 
Melophagus ovimts, commonly called the Sheep-tick, is formed for 
creeping about on the skin of the sheep beneath the wool, and 
may consequently be procured with ease at tlie period of sheep* 
shearing : it has no resemblance to a fly, and it is diilicult to 
persuade the uninitiated that it is such. Hippohosen eguina (called 
in this country the Forest-fly, perhaps because it is better known 
in the New Forest than elsewhere), looks like a fly, but will be 
readily recognised by the two little cavities on the hetid, one 
close to each eye, in which the antennae are concealed, only the 
fine bristle projecting. Very little seems to he known as to 
the Natural History of this fly. Zi^foptena cervi lives on the 
Red deer ; the perfect Insect has apparently a long life, and both 
sexes may be found in a wingless state on the deer all through 
the winter. When first disclosed in the summer they are how- . 
ever provided with wings, hut when they have found a suitable , 
host they bite off, or ckst, the wings. The female, it appears, does 
this more promptly than the male, so that it is difficult to get 
winged individuals of the former sex.^ Most of the known 

^ Arch, Naiurgeaeh, Iviii. i.lS92, pp. 287-322, pU. xt. xvi. 

^ Stein, DetOache ent, Zeit, xxi. 187?, p. 297. 
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Hippebo^idae live on birds, and are apparently specially fond of 
the Swallow tribe. They are all winged, though in some species 
the wings are very small The bird- 
infesting Hippoboscidae have beemyery 
lijbtle studied, and will probably form a 
distinct family; the antennae of Sten-- 
opteryx hirundinis are quite different 
from those of Hippojj^osca, The devel- 
opment is remarkable, and has been 
studied by Leuckart ^ and by Pratt ® in 
the case of Melophagu^ ovinvs. The 
ovaries are peculiarly formed, and pro- 
"duce one large egg at a time; this 
^ passes into the dilated oviduct, and there 
goes through its full growth and a cer- 
tain amount of development ; it is then 
extruded, and undergoing little or no 
change of form becomes externally 
hardened by the excretion of chitin, 
passing thus into the condition of the 
Eumyiid pupa. Dufour thought that 
there is no larval stage in this Insect, 
but it is quite clear from later researches 
that he was wrong, and that a larval 
stage of a x)eculiar kind, but in some re- 
spects resembling that of the Eumyiid 
Muscidae, occurs. The larva has no 
true head, but the anterior part of the 
body is invaginated, and the most 
anterior part again protrudes in the 
invagination, so that two little passages appear on section (Fig. 
246 ); the upper pne leads to the stomach, which is of very 
large size. The tracheal system is peculiar ; it is metapneustic, 
there being neither anterior nor lateral spiracles. Pratt says 
. that there is at first a single pair of terminal spiracles, and sub- 
sequently three pairs, hence he considers that the terminal part 
of the body corresponds to three segments. This is however 
probably a mistaken view ; it appears more probable that the so- 
called three pairs of stigmata really correspond with the complex 
. }; Abh. Qes. Halhy iv. 1&58, p. 145. ^ Arch. Naiurgccch. lix. i. 1898, p. 151. 



1. 246. — Diagramnintic section 
of the larva of Mdophajgvs 
aeinits, (After Pratt.) it, 
mouth ; 5, suctorial pouch.; 
e, iinagiual disc for adult 
head; cA meso- and iiieta- 
notol discs, anterior trach- 
eal anastomosis ; /, first 
muscular belt ; ^r, transverse 
tracheal branch ; h. the dorsal 
tracheal tube ; f, sex-organ ; 
kf Malpighian tube; f, ter- 
minal part of intestine ; m, 
terminal chamber of tracheal 
tube ; stigmatic fossa ; o, 
terminal part of intestine ;p, 
anus ; g, anal dUc ; r, ventral 
tracheal tube ; s, stomach ; 
t, nervous system; u, discs 
for the three pairs of legs of 
the imago ; v, ventral pouch ; 
10, pharynx ; x, suctorial Up. 
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condition of the stigmata in the later instars of certain other 
Dipterous larvae. The Melopha^v^Asirrei, is nourished' by secre- 
tion from certain glands of the mother-fly; this is swallowed 
and the stomach is greatly distended by this milky fluid. 
Probably it was this condition that induced Dufour to suppo^ 
the larva to be only an embryo. 

Some of the Hippoboscidae that live on birds take to the 
wing with great readiness, and it is probable that these bird- 
parasites will prove more numerous than is at present suspected. 

We may here notice an animal recently described by Dr. 
Adensamer and called Ascodipteroii} He treats it as the female 
imago of a Pupiparous Dipteron. It was found buried in the 
skin of the wing of a bat of the genus Phyllorhina, in ther 
Dutch East Indies, only one individual being known. It is 
entirely unsegmented, and externally without head. If Dr. 
Adensamer should prove to lie correct in his surmise the creature 
can scarcely be inferior in interest to the Strepsiptera. 

FanL 41. Braulldae. — This consists only of a minute Insect 
that lives on bees. The antennae are somewhat like those of 


sheep-tick, though 

« vr . much from those of 

Fig. 247 . — liraula coeca. (After Meinert) -r* i 

Hippoboscidae they 

are essentially similar. Lucas says that Bravla specially affects 
the thorax of the bee: Miiggenburg, that it is foml of the 


queen-bee because of the exposed membranes between the body- 


segments that exist in that sex. Whether this Insectu is truly 
Pupiparous is unknown, thougli Boise states that a pupa is 
deposited in the cell of the bee by the side of the young Larva of 


1 SB. Ak. Wien. cv. 1896, Ahthcil. i. p. 400. 
^ Arch. Naturgee. Iviii. i. 1892, p. &7. 
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the bee, and appears as the perfect Insect in about twenty-one 
daya Mliggenburg suggests that Bravla may be oviparous, as ]ie 
has never found a larva in the abdomen. Packard says that on the 
day the larva hatches from the egg it sheds its skin and turns to an 
oval puparium of a dark brown colour. The Insect is fi'equently 
though inappropriately called bee-louse ; notwithstanding its name 
it is not quite blind, though the eyes are very imperfect. 

Fam. 42. Streblidae. — Winged ; possesdug halteres ; the 
head emails narrow and free. These very rare Diptera are 
altogether pitibleinatic. According to Kolenati the larvae live in 
bats’ excrement and the perfect Insects on the bats.^ If the 
former statement be correct the Insects can scarcely prove to be 
Pupipara. The wing-nervuration is, in the figures of the 
Russian autlior, quite different from that of Hippoboscidae. The 
Streblidae have been associated by some entomologists with 
Nycteribiidae, and by Williston with Hippoboscidae. 

Family 43. Nycteribiidae. — The species of this family are 



FlO. 24 S. > sp., from Xantharpyiu titmuUnm. Aden. A, Upper surface of 
fc'.nulv, with head in the position of repose ; B, under surface of male, x 


found on bats ; they are apparently rare, and we have been able 
to examine only one species. The form is very peculiar, the 
Home See, enJt, JRose. ii. 1863, p. 90. 
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In^ts looking as if the upper were the under surfaca Theft 
are wingless, with a narrow head, which reposes on the back of the . 
thorax. The prothorax appears to be seated on the/dorsum of the 
mesothorax. According to Miiggenburg there is no trace of a 
ptilinuin. A brief note on the metamorphosis ^ by &roii Osten 
Sacken indicates that the mature larva differs from that of 



Fio. 249. — Anterior part of ilie body of NycUrihia np., found on XaiUhmrpyfa 

by Colonel Yerbur}' at Aden. A, Upper surface of female, with head extended ; 
B| under surface of male, with head extended ; C, claws of a foot. 


MelophcMfUB ill the arrangement of the stigmata ; they appear to 
be dorsal instead of terminal. There are apparently no characters 
of sufficient importance to justify the association of these 
Insects with the other divisions of Pupijiara ; the sole ground 
for this connection being the supposed nature of the life-history 
of the larva. 

Sub-Order Aphaniptera or Siphonaptera {Fleas) 

Fam. Pulicidae.— with the body laterally compressed^ 
so that the trdvAvevse diameter' is small, the vertical one great Tht ' 
head indistinctly wparated from the body, small, with short tJtick 
afUennae placed in depressions somewhat behind and above the un^ 
faceted eyes. Theee are always minute, and sometimes wanting.-^\ 
^ Tr. ent. Soe, London, ISSl, SeOi 
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-ffyHricftopgjflla talpae, 
(After Ritsema. ) 


Britain. 


We all know that the Flea is so flat, or compressed sideways, that it 
does not Inind the most severe 
'squeeze. This condition is 
almost peculiar to it ; a great 
flattening of the body is com* 
mon in Insects — as is seen in 
another annoying Insect, the 
bed-bug — but the compression, 
in the flea, is in the reverse 
direction. In other respects the ***«• 250.- 
external anatomy of the flea 
shows several peculiarities^ the morphological import of which has 
not yet been elucidated. The head. is of very 
peculiar shape, small, with the anteiinae placed 
in an unusual position ; the clypeus ' is said to 
be entirely absent, the front legs are articulated 
in such a manner that they have a large addi- 
tional basal piece— called by some anatomists 
the ischium — and in consequence appear to be 
placed far forwe.rds,. looking as if they were 
attached to the head; the nieso- and meta- 
thurax have certain flaps that have been con- 
sidered to be honiologues of wings; and the 
maxillary palpi are attached to the head in 
such a way that they appear 'to play the part 
of the antennae of other Insi^cts (Fig. 250), 
and were actually considered to be the antennae 
by Linnaeus, as well as others; the mouth- 
parts themselves are differently constructed 
mipayiia ^aiakurt^ 'from tliose of any other Insects.' The maxillae 
pricking ^ oigw*; and labiuiu are considered to be not only present, 
Lp. iiibini palp; but well developed, the former possessing palpi 
A/;i;.inaxiiia; J/a^. moderately well developed, while the labial 
SlSer Wagner)^^* ^Ips are very large and of highly p^uliar 
' form, being imperfectly transversely jointed 

and actiAg as sheaths ; the mandibles are present in the form of 

1 Tho best general description of the external anatomy of the flea is to be found 
in Tasohenberg, DU ¥l&ie^ 1880. The morphology is better elucidated, though still 
incompletely, in Wagner's valuable ** Aphanipterologische Studien," Horae Soc, ent, 
Doss, xxiii. 1889, pp. 199^0, 6 plates, and o^. eit, xxxi. 1897, pp. 555-594, 8 
plates. Cf.^lso N. C Rothschild, Nov. Zool. v. 1898, pp. 538*644, 3 plates. 



Pio. 251. — Mouth- 
parts of a flea, lVr< 
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a pair of elongate, slender organs, with serrated edges ; and there 
is an unpaired, elongate pricking-organ, thought by some to be a 
hypopharynx, and by others a labrum. ^'he antennae are of 
unusual form, consisting of two basal joints, and, loosely con- 
nected therewith, a terminal mass of diverse form and more or 
less distinctly, though irregularly, segmented. The full number 
of ten stigmata exists, Wagner giving three thoracic, witli seven 
abdominal, placed on segments 2-8 of the abdo- 
men; but Packard thinks the supposed meta- 
thoracic stigma is really the first abdominal. 
Fleas undergo a very complete metamorphosis ; 
the larvae are ,vrormlike, resembling those of 
Mycetophilid Diptera {Fig. 252). The egg of 
the cat’s flea is deposited among the fur of the 
animal, but (unlike the eggs of other parasites) 
apparently is not fastened to the hair, for the 
eggs fall freely to the ground from infested 
animals; the young larva when hatched bears 
on tlie head a curious structure for breaking 
the egg-shell. It has the mouth -parts of a 
mandibulate Insect and is peripneustic, liaving 
ten pairs of stigmata. It subsequently becomes 
of less elongate form. Flea-larvae are able to 
nourish themselves on almost any kind of refuse 
animal matter, Laboulb&ne having reared them 
on the sweepings of apartments ; they may 
perhaps sometimes feed on blood; at any rate 
th^dog- the contents of tlie alimentary canal api)ear red 

Kunckel.)' through the transparent integuments. When 
full grown tfie larva makes a cocoon, and 
frequently covers it with pieces of dust. The perfect flea 
appears in a week or two thereafter ; the pupa has the meml)ers 
free. The food of the larvae of fleas has been much discussed 
and a variety of statements made on the subject. It has been 
stated that the mother-flea after being gorged with blood carries 
some of it to the young, but Kunckel has shown thab* there is 
very little foundation for this tale. Enormous numbers of fleas 
are sometimes found in uninhabited apartments to which animals 
have previously had access, and tliese fleas will attack in numbers 
and with great eagerness &iy unfortunate jierson who may enter 
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the apartment. The cat-flea can pass through its growth and 
metamorphosis with excessive rapidity, the entire development of 
a generation in favourable conditions extending but little beyond 
a fortnight.^ 

About a hundred kinds of fleas are known, all of which live 
on mammals or birds. Hystrichopsylla talpae (Fig. 250) is one 
of the largest, it occurs on the Mole. It was found by Bitsema 
in the nests of Bomhus mhterraneus (and was descri1)ed under 
the name of Pvlex obtvMctps). As these nests are known to be 
harried by Voles, and as this flea has also been found on Field- 
mice, it is probable that the parasites are carried to the nests 
by the Voles. The species that chiefly infests man is Pvlex 
irritam, an Insect that is nearly cosmopolitan, though arid desert 
1 ‘egions are apparently unsuitable to it. Pvlex amum occurs on 
a great variety of birds. P. aerraticeps infests the dog and the 
cat, as well as a variety of other Mammals. It is a common 
opinion that each species of Mammal has its own peculiar flea, 
but this is far from correct. Fleas pass readily from one species 
of animal to another ; the writer formerly possessed a cat that 
was a most determined and successful hunter of rabbits, and she 
fre<iuently i*eturned from her excursions swarming with fleas that 
sJie had iM^come infested with when in the rabbits' burrows ; her 
cars were on some occasions very sore from the flea-bites. Some 
of the fleas of other animals undoubtedly bite man. There 
appears, however, to be much difference in the liability of different 
imUvidivils of our own species to the bites of fleas. Sarcopsylla 
penetrans differs in habits from other fleas, as the female 
buries tlie anterior parts of her body in the flesh of man or 
other Vertebrates, and the abdmen then becomes enormously 
enlarged and distended and undergoes a series of changes that 
aie of much interest.^ While in tliis' position the Insect dis- 
charges a number of eggs. This species multiplies sufliciently 
to become a serious pest in certain regions, the body of one man 
having been known to be aflbrding hospitality to 300 of these 
.fleas. Sarcopsylla penetrans is known as the Sand -flea, or 
chigger, 9nd by numerous other namea Originally a native of 
tropical America it has been carried to other parts of the world. 
Another Sarcopsylla, S. gallinacea, attaches itself to the eyelids 

1 Howard UulL Vep, Atjrie. Knt, N.S. No. 4, 1890. 

3 Sohiiukewitsch, Zool. Am, vii. 1884, p. 073. 
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of the domestic fowl in Ceylon^ and an allied form^ Jthymhopsylld 
p%Llex, fastens itself to the eyelids and other parts of the body Sf 
birds and bats in South^ America. In Turkestan Vermipaylla > 
tdahwrt attacks cattle — ox, horse, camel, sheep — fastening itself to 
the body of the animal after the fashion of a tick. Retaining 
this position all through the winter, it becomes distended some-. . 
what after the manner of the Sand-flea> though it never forms 
a spherical body. The parts of the mouth in this Insect (Fig. 251) 
are unusually long, correlative ^ith the thickness of the skins of 
the animals on which it lives. Grassi considers that. the dogs 
ilea, Palem serraticeps, acts as the intermediate host of Taenia. 

Great difference of opinion has for long prevailed as to 
whether ileas should be treated as a Sub-Order of Diptera or as 
a separate Order of Insects. Wagner and Kiinckel, wlio have 
recently discussed the question, think they may pass as aberrant 
Diptera, while Packard,^ the last writer on the subject, prefers 
to consider them a sepamte Order more closely allied to Diptera 
than to any other Insects. Although widely known as Aphan- 
iptera, several writers call them Siphonaptera, because Latreille 
proposed that name for them some years before Kirby culled 
them Aphaniptera. Meinert considers them a separate Order 
and calls it Suctoria, a most unfortunate name. 

Order VIIL Thysanoptera. 

Small Insects, with a palpigerous mouth placed on the under side of 
the head and apposed to the sternum so as to he concealed. 
With four dender wings, fringed with long hairs on one or 
hoth margins, or with rudiments of usings, or entirely apterous. 
Tarsi of one or two joints, ter minated by a vesicular structure. 
The young resemble the adult in general form, but there is a 
pupal stadium in which the Insect is quiescent and takes no, 
food. 

The tiny Insects called Thrips are extremely abundant and 
may often be found in profusion in flowers. Their size is only 
from an inch in length; those of the latter magni- 

tude are in fact giant species, and so far as we know at pxpsent 
are found only in Australia (Fig. 253). As regards the extent ' 

t 

^ P, Poston Soe, zxvi. 1894, pp. 312-355. %: . V;' 

.ft" , * ' . ' j 
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of the Order it would appear that Thysanoptera are ineignificaiit^ 
as leas than 150 species are known. Thrips have been, how<- 
ever, very much neglected by entomologists, so it will not be a 
matter for surprise if there shoukl prove to be several thousand 
species. These Insects 
present several points 
of interest ; their 
mouth - organs are 
unique in structure ; 
besides this, they ex- 
hib4 Bo many points 
of dissimilarity from 
other Insects that it 
is impossible to treat 
them as subdivisions 
of any otlier Order. 

. They have, however, 
been coniudered by 
some to be aberrant 
Pseudoiieuroptera (cf. 

Vol.’ V.), while others 
have associated them 
with Hemiptera. Both 
Brauer and Packard 
have treated Thysa- 
noptera as a Bex)arate 
Order, and there can 
be 110 doubt that this Piq, 263. — Idolothrips spectrum, Australia, 

is correct. Thysano- 

ptera have recently been monographed by Uzel in a work that is, 
unfortunately for most of us, in the Bohemian language.' 

The antennae are never very long, and are 6 to 9-jointed. 
The head varies much, being sometimes elongate and tubular, 

■ but sometimes short ; it has, however, always the peculiarity that 
the antennae are placed quite on its front part, and that .the 
mouth aft)ears to be absent, owing to its parts being thrust 
against the under side of the thorax and concealed. Their most 
rem^kable peculiarity is that some of them are asymmetrical : 
Usel looks on the peculiar structUte, the " Mundstachel,” m, m 

2%y«afk^era, Kiiniggratz, 4to, 1895. 
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(Fig. 254) found on the left side of the body, as probably an enor- 
mous development of the epipharynx. Previous to the appearance 

of UzeVs work, Garman had, however, 
correctly described the structure of the 
mouth he puts a different interpretation 
on the parts; he points out that the 
mandibles (/), so-called by Uzel, are at- 
tached to the inaxilhie, and he considers 
that they arc really jointed, and that 
they are lol)e8 thereof; while the Mund- 
stachel or piercer is, he considers, the 
left mandible ; tiie corresponding struc- 
ture of the other side being nearly 
entirely absent. He points out that 
the labrum and endocraniuiii are also 
asymmetricaL We think Garman's 
view a reasonable one, and may re- 
mark that dissimilarity of the man- 
"" dibles of the two sides is usual in 

10. 254. — Face (with base of r l i i.t i. i*i i 

the antemiae) of Aeoif^Umps Insccts, and that the maiulibles may 

faaciata, (After Uzel.) o, }yQ hollow for SUCking, as is showil by 
Labrum: ft, maxilla with its i .. i 

paip(c); ft^, teimiiiai |>art of the larvae of Hctncrobudcs. Ihere 

are usually three ocelli, but they are 
absent in the entirely apterous forms. 

The wings ap^iear to spring from 
the dorsal surface of the body, not 
from the sides; the anterior pair is 
base of mandible ; /, chitin- always quite separated from the poH- 

with’iteftiS w ’‘pSt".; terior ; th« wings are always slender, 
and o, its connection with sometimes Very sleuder ; ill other re- 

amen°c?*mu8cie ;'a ^nd^T' sp^^ts they exhibit cousiderable variety ; 
points of infolding of vertex ; sometimes the front pair arc different 

in colour and consistence from the 
other pair. The abdomen has. ten seg- 
ments, the last of w.hich is often tubular in form. The peculiar 
vesicular structures by which the feet are terminated sure, during 
movement, alternately distended and emptied, and have two hooks 
or claws on the sides. The stigmata are extremely peq|;liar, 
there being four pairs, the ^^first being the mesothoracic, 2nd 
* BulL Essex Inst. xxii. 1890, p. 24 ; also Amer. Natural xxx. 1896, f. 591. 


vertex near attachment of 
mouth-parts ; cf, meiiibrsiio 
lietween maxilla and mentuiii ; 
e, ineutum ending in a point 
near /; g, menilirane of 
attachment of the labial i)a1p 
h; i, ligula ; j\ j the bristle- 
like mandibles ; k, the thicker 


K, a 
gena. 


prolongation of the 
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m^tathoracic, 3rd on the second abdominal segment, 4th on the 
eighth abdominal segment.^ There are four Malpighian tubes, 
and two or three pairs of salivary glands. The dorsal vessel 
is said to be a short sack placet in the 7th and 8th abdominal 
segments. The abdominal ganglia of the ventral cliain are con- 
centrated in a single mass, placed in, or close to, tlie thorax ; tlie 
thorax has two other approximated ganglia, as well as an anterior 
one that appears to be the infra-oesophageal. 

Tlie metamorphosis is also peculiar ; the larva does not differ 
greatly in appearance from the adult, and has similar mouth- 
organs and food-habits. The wings are developed outside the 
]}ody at the sides, and ajjpear first, according to Heeger, after 
the third mp,ult. The nymph-condition is like that of a pupji 
inasmuch as no nourishment is taken, and the parts of the body 
are enclosed in a skin : in some species there is power of movement 
to a slight degree, but otlier species are quite motionless. In 
some cases the body is entirely liriglit red, though subsequently 
tliere is no trace of this colour. Jordan distinguishes two 
nymphal xieriods, the first of which he calls the pronymphal ; in 
it the Insect appears to be in a condition intermediate between 
that of the larva and that of the true nymph ; the old cuticle 
being retained; though the hypodermis is detached from it 
and forms a fresh cuticle beneath it. This condition, as Jordan 
remarks, seems parallel to that of the male (>occid, and ap- 
proaches closely to complete metamorphosis; imleed the only 
characters by which the two can be distinguished appear to 
be (1) that the young has not a special form; (2) that the 
wings are developed outside the body. 

Thrips take their food, it is believed, in the same manner 
as Aphidae, by suction ; but the details of the process are not by 
any means certain, and examination of the stomach is said to have 
I'esulted in finding pollen therein. Walsh thought that Thy- 
sanoptera pierce and suck Aphidae. An elaborate inquirj’^ 
by Osborn * failed to elicit satisfactory confirmation of Walsh’s 
..idea, though Biley and Pergande support it to some extent; 
Osborn coiicludes that the ordinary food is not drawn directly 
^ from sap, but consists of exudation or pollen, the tissues 

^ Joifisn in an interesting l^aper, Xeitiehr: wiss, Zool. xlvii. 1888, p. 673, says 
' that in the division Terebri|ptia " there are only three ^lairs of stigmata. 

> iMect Life, i. 1888, p. 138. 
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of the plant being pierced only when a supply of food from 
the usual sources falls short. .Members of this fainily have 
l)een reputed as being very injurious to cultivated plants, especially 
to cereals, and it is said that as a i*eRult. the harvests in Europe 
have been seriously diminished. Several species may take part 
in the attacks. These appear to be directed chiefly against 
the inflorescence. Lindeinan thought that LimothHps denticornis 
(= Thrips secedina), and Anthothripa acuhata (= Phloeothrips 
frumentarius), were the most destructive species in an attack of 
Thrips oil corn that he investigated in Russia. Uzel suggests 
that injuries due to other causes are sometimes ascribed to Thrips.^ 
Tn hot- houses these Insects are well known, and sometimes 
occasion considerable damage to foliage. The Clermaii liorti- 
culturalists call them black-fly, in distinction from Aphidae or 
green-fly. Some Thysanoptera live under l)ark, and even in 
fungi, and in Australia they form galls on tlie leaves of trees. 
This observation is due to Mr Froggatt, and is confirmed by 
specimens ho sent to the writer. Vesicular bodies in the leaves 
of Acacia saligna were traversed on one side by a longitudinal 
slit, and on a section being made, nothing but Thrips, in various 
stages of growth, was found inside them. A second kind of gall, 
forming masses of considerable size on the twigs of CcUlistemon, 
is said by Mr Froggatt to be also due to Thrips, us is a third 
kind on Burmria apimaa. It is curious that Thrips* galls have 
not been oliserved in other jMirts of the world. . 

Thysanoptera are devoured by small bugs of the genus 
Triphlepa, as well as by beetles ; a small Acarid attacks them by 
fixing itself to the body of the Thrips. Nematode worms and their 
eggs were found by Uzel in the body-cavity. He found no less 
than 200 Nematodes in one Thrips, and noticed that they had 
entirely destroyed the ovaries. Woodpeckers, according to him, 
tear off the bark of trees and eat the Thysanoptera that are 
concealed thereunder, though one would liuve surmised that 
these minute Insects are too small to be game for such birds. 
They have, it appears, no special protection, except that one 
species (a larva of Phloeothripa sp.) is said to emit ao protective 
fluid. 

Parthenogenesis seems to be frequent amongst Thysanoptera, 

^ See Liiidetnann, Bull. Soc. Moacou, Ixii. 1886, 2, p. 296, and Uzel, flon. 

1866, pp. 397, 398. 
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and is found in concurrence with diversity as to winged and wing- 
less females of the samp species, so as to have given rise to the idea 
^ that the phenomena in this respect are parallel with those that 
are more widely known as occurring in Apliidae. Under certain 
circumstances few ' or no males are produced (one of the cir- 
cumstances, according to Jordan, being season of the year), and 
the females continue the species parthenogenetically. In other 
cases, though males are produced they are in very small numbers. 
Some species of Tliysanoptera are never winged ; in others the 
individuals are winged or wingless according to sex. But tliere 
are other cases in whicli the female is usually wingless, and 
is exceptionally winged. The winged specimens in this case 
are, it is thought, of special use in disseminating the species. 
Jordan has suggested that these phenomena may be of a 
regular nature, but Uzel does not take this view. Another 
condition may be mentioned, in which the species is usually wing- 
less/ but winged individuals of the male as well as of the female 
sex occjisionally appear. Thrips Uni ai>parently makes regular 
migrations, feeding at one time underground on the roots 
of flax, and then changing to a life in the open air on other 
plants. 

Numerous forms of Tliysanoptera, belonging to both of the 
great divisions of the Order, have been found fossil in Europe 
and North America, but all are confined to deposits of the Tertiary 
epoch. 

Of the 135 species known to Uzel, 117 are European; they 
are divided into two Sub-Orders. 1, Terebrantia, in which the 
females are provided with an external toothed ovipositor, of two 
valves ; 2, Tubulifera, in which there is no oviixisitor, and the 
extremity of the body is tubular in both sexes. The British 
species are about 50 in number, and were described by 
Haliday about 60 years ago;' of late they liave been very 
little studied. 

The name Physopoda or Physapoda is used for this Order, 
instead of Thysanoptera, by several naturalists. 

^ BniovMlogioal Magazine^ iii. 1836, p. 439, and iv. 1837, p. 144. 


CHAPTER VIII 

IIEMTPl’KUA OR BUGS 

Order IX. Hemiptera. 

Mouth rMTisisting of a proboscis or molrile beak (^usually concealed 
by heiny bent under the hody)^ appearing as a transversly- 
jointed rod or grooved sheath^ in which are emlosed long 
slender setae (like horse-hairs). Wings (^nearly alwwys) four ; 
the anterior frequently more horny than the posterior pair^ 
and folding flat on the back, their aidcal portions usually 
more membranous than the base (Heteroptera) ; or the four 
wings may cover the abdomen in a roof-like manner, and 
those of the anterior pair may not have the basal and ajdcal 
paints of different consistemes (Homuptera) ; sometimes all 
four of the wings are transparent. The young resembles the 
adult in general fennn ; the wings are developed outside the 
body, by growth, at the moults, of the sides of the hinder por- 
tions of the mesa- and meta-notum ; the metamotal prolonga- 
tions being more or less concealed by the mesonotal. 

The Hemiptera or Bugs are jicrhaps more widely known as 
Rhynchota. In deciding whether an Insect belongs to this 
Order the student will do well to examine in the first place 
the beak, treating the wings as subordinate in importance, their 
condition being much more variable than that of the beak. The 
above definition includes *110 reference to the degraded Anoplura 
or Lice. These are separately dealt with on p. 699 f they are 
absolutely wingless, and have an unjointed proboscis not placed 
beneath the body, the greater part of it being usually withdrawn 
inside the body of the Insect. 

The Hemiptera aiB without exception sucking Insects, and 
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the mouth-organs of the individual are of one form throughout 
its life. In this latter fact, coupled with another, that the 
ydung are not definitely different in form &om the adult. 
I^ugs differ widely from all other Insects with sucking-mouth. 
They agree with the Orthoptera in the facts that the mouth does 
not change its structure during the individual life, and that the 
development of the individual is gradual, its form, as a rule, 
changing but little. In respect of the structure of the mouth, 
Orthoptera and Hemiptera are the most diffei*ent of all the 
Orders. Hence, Hemi];)tera is really the most isolated of all tlie 
Orders of Insects. We shall subsequently see that, like Orthoptera, 



Fio. — Knalhenes 

jtratti (Peiitato- 
iiiiilae). China. A, 
Nymph : a, ciise of 
anterior, 6, of pos- 
terior wing ; t\ on- 
Hces of stink* 
glands ; B, the 
adult Insect. 


the Order appeared in the Palaeozoic epoch. Although a very 
extensive Order, Hemiptera have for some incomprehensible 
reason never been favourite objects of study. Sixty yeai*s ago 
Dufour pointed out that they were the most neglected of all the 
great Orders of Insects, and this is still true ; bur acquaintance 
with their life-histories and morphology especially being very 
limited. 

There is probably no Order of Insects that is so directly con- 
nected with the welfare of the human race as the Hemiptera ; 
indeed, if anything were to exterminate the enemies of Hemiptera, 
we ourselves should probably be starved in the course of a few 
months. The operations of Hemiptera, however, to a large ex- 
tent escape observation^ as their mouth-setae make merely pricks 
that do. not attract notice in plants ; hence, it is probable that 
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injuries I’eally due to Hemiptera are frequently attributed to 
other causes. 

In the course of the following brief sketch of the anatomy 
and development of Hemiptera, we shall frequently ^ve to use 
the terms Heteroptera and Homoptem ; we may therefore here 
mention that there are two great divisions of Hemiptera having 
but little connection, and known by the above names: the 
members of these two Sub-Orders may in most cases be dis- 
tinguished by the condition of the wings, as mentioned in the 
definition at the commencement of this chapter. 

External structure. — The mouth-parts consist of an anterior 
or upper and a posterior or lower enwmpping part, and of the 
organs proper, wliich are four hair-like bodies, dilated at their 
bases and resting on a complex chitinous framework. The 
lower part forms by far the larger portion of the sheath and is of 
very diverse lengths, and from one to four-jointed : it is as it were 
an enwrapping organ, and a groove may be seen running along it, 
in addition to the evident cross - segmentation. The upper 
covering jiart is much smaller, and only fills a gap at the base 
of the sheath ; it can readily be lifted so as to disclose the setae ; 
these latter organs are fine, flexible, closely connected, rods, four 
in number, though often seeming to be only three, owing to the 
intimate union of the components of one of the two pairs ; at 
their Iwise the setae become broader, and are closely connected 
with sonic of the loops of the chitinous framework that is con- 
tained within the head. Sometimes the setae are much longer 
than the sheath ; they arc capable of iirotrusion. Although 
varying considerably in minor points, such as the lengths of the 
sheath and setae, and tlie numW of cross-joints of the sheath, 
these structures are so far as is known constant throughout the 
Order. There are no palpi, and the only additions exceptionally 
present are a pair of small plates that in certain forms (aquatic 
family Belostomidae) lie on the front of the proboscis near the 
tip, overlapping, in fact, the last of the cross-articulations. 

Simple as is this system of trophi its morphology is uncertain, 
and has given rise to much difference of interpretation. It may 
be granted that the two portions of the sheath are respectively 
upper lip, and labium; but as to the other parts wide difference 
of opinion still prevaila On the whole tfie view most generally 
accepted, to the effect that the inner pair of the setae corxespoud 
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in a broad sense with maxillae of mandibulate Insects, and the 
outer pair with mandibles, is probably correct. Mecznikow, who 
studied the embryology,' supports this view for Heteroptera, 
but he says (tx. p. 462), that in Homoptera the parts of the 
embryo corresponding with rudimentary maxillae and mandibles 
disappear, and that the setae are subsequently produced from 
pecuiliar special bodies that are at first of a retort-shaped form ; 
the neck of the retort becoming afterwards more elongate to form 
the seta; also that in the Heterdpterous genus Oei^Hs the 
embryology in general resembles that of Homoptera, but the 

Fio. 256. — Mouth - parts of 
Henilptera. (After 
Wedde.) A, Section of 
the heatl and proboscis of 
P^rrftucoriH apUnut : dr, 
glaud ; i,ff, infra -oeso- 
phageal ganglion; //>, 
labium ; /i\ labriiiii ; m, 
muscles ; tn\ muscle (de- 
pressor of labium) ; 
muscle of 8}Tiuge ; ph, 
pharynx ; s, setae ; 
supra - oesophageal gong- 
lioii ; sp. dr, salivary 
gland; spr, syriugi* : B, 
transverse section of pro- 
boscis of Petd^itmna TMfi- 
pes, at third joint of 
sheath : m, m, muscles ; 
md, inandibiilar sebi ; mx, 
maxillary setae ; h, uer\’e ; 
p, the sheath or labium ; 
tr, trachea. 

development of the setae is like that of other Heteroptera (t.c. p. 
478). Tills diseoutiuuity in the development of the Homopterous 
mouth has since been refuted by Witlaczil ,* who found that the 
retoi't-shaped bodies really arise from the primary segmental 
appendages after they have sunk into the head. We are there- 
fore justified in concluding that the mouth-parts are at first 
similarly developed in all Hemiptera. and tliat this developmeut 
is of a very peculiar nature. 

Smith is convinced that there are no traces of mandibular 
structui'if in any Hemiptera.* On the other hand, numerous 
entomologists have supposed they could homologise satisfactorily 
various parts of the Hemipterous trophi with special parts of the 

» Zeittehr. ZooK \vi. 1866, p. 889. * Arb. Inst. Wien. iv. 1882, p. 416. 

■■ Tr. *Anur, mi. See. six. 1896, p. 176. 
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maxillae and labium of mandibulate Insecta This point has 
recently been discussed by Marktt^ and by Heymons* From 
the latter we gather that the mode of growth is peculiar by the 
extension backwards of some of the sclerites, and their becoming 
confounded with parts of the wall of the head. From alT this it 
appears that at present we cannot correctly go farther than 
that the trophi of Hemiptera are the ap})endages of three 
head-segments, like those of other Insects. The views of Savigny, 
Leon,® and others to the effect that labial palpi, and even other • 
V parts of the labium of Maiidibulata can be satisfactorily identified 
are not confirmed by Heymons. 

Underneath the pharynx, in the htmd, there is a peculiar 
structure for which we have as yet no Knglish term. It was 
apparently discovered by I^ndois and Taul Mayer, ^ and has been 
called “ Wanzenspritze,” which we translate as syringe. It may be 
briefly described as a chamber, into which the salivary ducts open, 
prolonged- in front to the neighbourhood of the grooves of the 
setae in the rostrum; l)ehind, it is connected with muscles; 
it has no direct connection with the pharynx, and though it was 
formerly supposed to be an organ of suction, it seems more prob- 
able tliat it is of the nature of a force-pump, to propel the pro- 
ducts of some of the bug’s glands towards tlic tips of the setae. 

The rostrum being extended from its position of repose, the 
tip of the sheath is brought into contact with the object to be 
pierced, the surface of which is probably examined by means of 
sensitive hairs at the extremity of the sheath ; these therefore 
functionally i*eplace to some extent the palpi of other Insects. 
As a rule the sheath does not penetrate (though there is reason 
for believing that in various of the animal-feeding bugs it d<jes 
so), but the setae are brought into action for piercing the skin 
of the plant; they are extremely sharp, and the outer pair are 
usually barbed, so that when once introduced a hold is easily 
maintained. This being established it is thought that the salivary 
pump comes into play, and that a fluid is injected into the object 
pierced so as to give rise to irritation or congestion, and thus 
keep up a supply of fluid at the point operated on : Ihis fluid 
extends along the grooved setae by capillary attraction, and the 

\ l\ ciU. soe, Waskington, iii. 1896, p. 241. * £hU, AWtr. xxii. 1896, p. 178, 

* SSooL Am. 1897, No. 527, ii.^73. 

Arch. Anai. Phyriol. 1874, p. 313, and 1875, p. 309. 
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rapidity of the current is indhsased by a pumping . action of the 
pharynx, and possibly by movements of the setae themselves. 
Though the setae are often extreme]^ elongate — sometimes several 
times |;he length of the body — they are nearly always slender, and 
there is no reason to suppose that a perfect, or air-tight, tube is 
formed ; hence it is probable that capilhiry attraction is really 
the chief agent in the ingestion of the fluid. The slight diversity 
of structure of the Hemipterous trophi is in very striking con- 
trast with what we find in mandibuhite Insects, and in the less 
purely suctorial Insects, such as Uiptera and some divisions of 
Hymenoptera. Schiddte in com- 
menting on this has suggested that 
it is probably due to the small variety 
. of actions the rostrum is put to.^ 

The head exliibits great variety 
^f form ; in tlie Homoptem the 
front part is deflexed and indexed, 
so that it is placed on the under 
surface, and its anterior margin 
is directed backwards ; it is often 
peculiarly inflated ; in the Ijiutern-* 
flies or Fulgoridae (Fig. 282) to an 
incomprehensible extent. In the great 
Water-bugs, Belostomidae, there is on 
the under surface a deep pocket for 
eiich antenna, lieautifully adapted to 
the shape of the curiously-formed ap- 
pendage (Fig. 279). The prothorax is 
always very distinct, frequently large, 
and in many of the Heteroptera 
(Fig. 257), as well as in the Homop- 267.— utlercMm 
torous family, Membracidae (Fig. (Antennae absent in the specimen 
283), assumes the moat extraordinary represente<i.) 
shapes. Both meso- and meta-thorax are well developed. The 
former is remarkable for the great size of the scntellum; in 
some cases®(Plataspides, Scutellerides) this forms a large process, 

^ For the structure and development of the Hemipterous trophi, see Mayer, 

Anat. Physiol. 1874 and 1876 ; Meeznikow, ZeUaehr. arias. Zool. xvi. 1866, p. 389 ; 
(reise, Arch, Naiuryaaeh. xlix. 1, 1883, p. 315 ; Wedde, op. cit. li. 1, 1885, p. 118 j 
Mark, Arch. mikr. Anat. xiii.tl877| p. 31 : Smith, Tr. Anur. Phil. 3W.'xix. ISM, 
p.’‘l76. ' 
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that entirely covei's and conceals Che alar organs, so that the 
Insect has all the appearance of being apterous. The exact com- 
position of the abdomen has not been satisfactorily determined, 
opinions varying as to whether the segments are nine, ten, or 
eleven in number. The difficulty of determining tlie point 
is due to two facts : viz. the extreme modification of the terminal 
segments in connection with the genital appendages, and the 
prominence of the extremity of the alimenttiry canal. Tf this 
terminal projection is to be treated as a segment, it would api)ear 
that eleven segments exist, at any rate in some cases ; as the 
writer lias counted ten distinct segments in a young Coreid bug, 
in addition to the terminal tube. This tube in some of the male 
Heteroptera is very subject to curious modifications, and has 
been called the rechil cauda. Verlioell* considers that ten »seg- 
ments were invariably present in the females examined by him 
in various families of Heteroptera and Honioptera.^ In Aphidae* 
(a division of Homoptera), Balbiani considei’s there art', eleven 
abdoniinal segments present ; but he treats as a segment a pro- 
jection, called the cauda, situate over the anus ; this structure does 
not appear to be homologous with the rectal c4iuda we have just 
mentioned. In C(x:cidae the number of abdominal si^gments is 
apparently reduced. Scliiddte states - that the older authorities 
are correct in resjiect of the stigniatii: there are, he says, in 
Heteroptera invariably ten pail's; one for each thoracic segment; 
and seven abdominal, placed on the ventral face of the pleural 
fold of the abdomen. In some casiis there are additional orifices 
on the external surface that have been taken for stigmata, though 
they are really orifices of otloriferous glands ; these openings may 
exist on the inetasterna or on the dorsttl surface of the abdomen. 
The lateral margins of the abdomen are frequently greatly de- 
veloped in Heteroptera, and are called " connexivum ; ” the upper 
and lower surfaces of the body meeting together far within the 
marginal outline. Dr Anton Dohrn many years ago * called atten- 
tion to the extremely remarkable structure of the terminal segments 
in many male Hemiptera ; and the subject has Ijeen subsequently 
very imperfectly treated by the present writer and (l£)her ento- 
mologists, but it has never received the attention it deserves. 

Nadir, xix. 1893, p. 860. 

- Xaturhist. Tidskr. (3) vi. 1806; translated xji^Ann, K. Hist. (4), vi. 1870, 
p. 225. ^ Ent. Zeit. Ziettint xxvii. 1866, p. 32]^^ 
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In the females of numerous Heteroptera ,and Homoptera 
(Gapsidae, Cicadidae, etc.) there is a well-developed ovix)ositor, that 
serves both as a cutting instrument to make slits in the stems 
of plants^ and as a director to introduce the eggs therein. Yerhoeif 
considers that it always consists of two pairs of processes (though 
one pair may be very small)^ one from the eighth abdominal 
segment, the other from the ninth.^ 

The antennae usually have very few joints, often as few as 
four or five, their maximum numl^er of about twenty-five being 
attained in the males of some Coccidae, this condition being, 
however, x>resent in but few of even this family. In Belostoma 
(Fig. 279) they assume extremely curious forms, analogous to 
what we find in the Coleopterous genus Hydropliihis, In addi- 
tion to the compound eyes, there are usually ocelli, either two or 
three in number, but wanting in many cases. The usual number 
.of joints of the tarsi is thi'ee, but in Coccidae there is only one 
joint 

The wings (Fig. 258) exhibit much diversity. The anterior 
pair usually differ greatly from the pos- 
terior ; they are called elytra, hemi-clytra 
or tegmina. This difference in the two 
pairs is the rule in the first of the great 
divisions of the Order, and the name 
Heteroptera is derived from the fact. In 
this Sub-Order the front wings close over 
the bock, and are more or less horny, the 
apical part being, however, membranous. A 

Systematists make use of the wings for 
the purpose ’of classification in Heterop- 
tera, and distinguish the following parts, 

" clavus,” “ corium,” " membrane,'’ the B 




corium being the larger horny division, Fig. 258.~Aiar organH of a 
the clavus the part lying next the sou- 

tellum and frequently very sharply dis- clavus ; b, corium ; c, 
tingiiishcd from the corium; the mem- memi 

brane is* the apical part. The outer brawe ; B, himi-wing. 


or costal part of the wing is also often 

sharply delimited, and is called the “ emboliiun ; ” in the great 
family Gapsidae and ^a few others, the outer apical part of the 


^ Bwt, Nttchr, six. 189S, 376’. 
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corium is.diilerei|^tiated from the rest of the surface, and is termed 
the "^cuneus.” In Plataspides, one of the divisions in which 
the alar organs are entirely covered by the scutellum, they are 
modified in a very remarkable manner. In the llomoptera the 
divisions named above do not exist, and the wings in repose are 
placed in a different position, as stated in our definition of the^ 
Order. It is said to he very difficult to homologise the wing- 
iiervures of Hemiptera, and nothing appears to be known as to 
the mode of their development. 

The alar organs in Hemiptera exliibit a very frecpicnt form 
of variation within the limits of the same species; tliis lias not 
yet been elucidated.^ In some eases in the Heteroptera nearly 
all the individuals of a generation may have the wings aborted ; 
sometimes this occurs as a local variation. In Aphidae the 
occurrence of winged and wingless individuals is very common, 
and has even becjome an important factor in their extraordinary 
life cycles. (See Chernies, etc., subsequently.) 

.Internal anatomy. — The alimentary canal presents consider- 
able diversity and some remarkable features. There is a slender 
tube-like oesophagus and a large crop. It is difficult to assign 
any of the parts posterior to this to the divisions usual in 
other Insetfts, and it is said that the distinction of parts histo- 
logically is as vague as it is anatomically. In the Heteroptera 
the Malpighian tubes open into two (or one) vesicular dilatations 
seated immediately in front of the short rectum : between this 
point .and the crop there may be a very elongate, slentler ])ortion 
with one or more dilatations, these parts apparently replacing 
the true or cliylific stomach. There is no gizzard. In the 
Homoptera the relations of the divisions of tlie alimentary canal 
are even more puzzling ; the canal is elongated and forms coils, 
and these are connected with tissues and tunics so as to make 
their dissection extremely difficult. List says that there are 
great differences in the alimentary canal among the members 
of the one family Coccidae. There are usually four Malpighian 
tubes, but in Coccidae there is only one pair, and in Aphidae 
none. The excretory cells of these tubes are in Heiifiptera of 
remarkably large size. There is a large development^ of salivary 
glands, at least two pairs existing. There can be iittje doubt i 
that some of their products are used for purposes of injection^ as 

' On tluB subject, see Reuter, Ann. Soe. ent. France (6) v. 1876, p, 225. :v;j; 
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already described, though Kuncke|||^mo to the conclusion that 
the saliva when placed in living plants is totally innocuous.' 

The ganglia of the nervous FQ^stem are all concentrated in 
the thorax and hetid. In some cases (in various. Hoiuoptera) the 
infra-oesophageal ganglion is placed at a distance from the supra- 
oesophageal ganglion, and may even be united with the thoracic 
mass of ganglia {Orthezia, etc.) ; in this case the chitinous frame- 
work of the mouth-parts is interposed between the supra- and 
the infra-oesophageal ganglia. In Pentatoma all the three gan- 
glionic masses are brought into close proximity, but in Nepa the 
thoracic mass of ganglia and the infra-oesophageal ganglion are 
widely separated. 

The ovarian tubes vary greatly in number : according to List 
ill Orthfizia cataphra^ta the number differs considerably in dif- 
ferent individuals, and even in the two ovaries of the same 
individual, the number being usually ten. The testes are not 
placed in a common tunic, though they are frequently approxi- 
mated or even contiguous.’^ 

The smell of bugs is notorious. In many species it is not 
unpleasant, tliougli as a rule it is decidedly offensive. It is a 
remarkable fa(;t that the structures connected with the production 
of this odour are different in many cases in the young and in 
the adult. The odour emitted by the latter proceeds from a sac 
seated at the base of the abdomen, and opening exteriorly by 
means of an orifice on each side of the metasternum; while in 
the young there are two glands situated more doi-sally and a 
little inpre backwards, and' opening on two of the dorsal plates 
of the alKioraeii (Fig. 255, A).* In the young the dorsum of the 
abdomen, where the stink-glands open, is exposed, but this part 
in the adult is covered by the %ving8. The odoritic apparatus is 
specially characteristic of Heteroptem, and Kiinckel states that 
there is so much variety that generic and even specific characters 
might be drawm from conditions of the stink-ghinds. As a rule 
they are most constantly present in the plant-feeding forms ; in 
Bdiue essentially carnivorous forms (Beduviidae, Nepidae, Noto- 

I Ann. Soe. cnt. Frame (4) vii. 1867, p. 45. 

* The chief work on the internal anatomy of Heniiptera is still Dufonr s -Ke- 
ehereiies aTuUomiques et 2 ^hy 8 i.t»iogiquc 8 anr le» Himijtteres^ Mem. Savans £lru.nycrs, 
/Vins, iv. 1833, p. 129. 

* Kuiickel, Ann, Soe. nU. frame (4) vii. 1867, p, 45, and C.Ji. Ac. Farts, cxx. 
1806, p. 1002. 
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nectidae) they are entirely absent. The offensive matter, emitted 
by Notonecta is of a difterent nature, and is probably anal in 
origin. 

Metamorphosis or postembryonic development. — In the 

language of the systematists of metamorphosis, Hemiptera are 
said to be Homomorpha Paurometabola — that is, the young 
differ but little from the adult. According to Brauer’s general- 
isations they are Menorhynchous, Oligonephrous, l^terygogenea, 
i.e. they have a sucking mouth that does not change during life, 
few Malpighian tubes, and are winged in the adult state. It is 
generally admitted that the Homoptera do not completely agree 
with Heteroptera in respect of the metamorphosis, it 1)eing 
more marked in the former, and in Coccidae attaining (as we 
shall mention when discussing that family) nearly if not quite 
the condition of complete metamorphosis of a peculiar kind. 
Unfortunately we are in almost complete ignorance as to the 
details of the life-histories and development of Ifetcroptera, so 
that we can form no generalised opinion as to what the post- 
embryonic develoj)nient really is in them, but there are grounds 
for supposing that considerable changes take place, and that 
these are chiefly concentmted on the last eedysis. The young of 
some bugs bear but little resemblance to the adult ; tlie magnifi- 
cently-coloured species of Emthenes (Fig. 255), before they attain 
the adult condition are flat, colourless objects, almost as thin as a 
playing-card ; it is well known that the extraordinary structures 
that cover and conceal the body in Flataspides, Scutellerides, 
Membracides, etc., are developed almost entirely at the last moult : 
it is not so well known that some of these changes occur witli much 
rapidity. A very interesting account of the processes of colour- 
change, as occurring in Foecilocapsus Ihieatus at the last eedysis, 
has been given by Lintner,^ and from this it appears that the 
characteristic coloration of the imago is entirely developed in 
the course of about two hours, forming a parallel in this respect 
with Odonata. When we come to deal with Aphidae we shall 
describe the most complex examples of cycles of generations that 
exist in the whole of the animal kingdom. % 

Fossil Hemiptera. — Hemiptera are believed to have existed 
in the Palaeozoic epoch, but the fossils are not numerous, an4 
opinions differ concerning them. Eugereon hockingi^ a Per- 
> In Slingerlaud'a Cornell Univ, BuU. No. 68, 1893, p. 222. 
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mian fossil, was formerly supposed to be a Homopterous Insect, 
but it is very anomalous, and its claim to a position in Hemip- 
tera is denied by Brauer,^ who considers it to be Orthopterous. 
It is now generally recognised that this fossil requires complete 
reconsideration. Another Fenpian fossil, Fulgorina, is admitted 
to be Homopterous by Scudder, Brauer and Brongniart. Scudder 
thinks the Carboniferous Phthanocoris was an Archaic Hetcro- 
pterous Insect, and if correct this would demonstrate that both of 
the two great Sub-Orders of Hemiptera existed in Palaeozoic times. 
Brauer, however, is inclined to refer this fossil to Ilomoptera, and 
Brongniart^ speaks of it as being without doubt a Fulgorid. 
THctgocicada, Rhipidioptera and MeyiiTiostoma, from the Carboni- 
ferous shales of Commentry, have also been referred to Fiilgoridae 
by Brongniart, but the evidence of their alliance with this group 
is far from satisfactory. In the Secondary epoch numerous 
Hemiptera existed, and are referred to several of the existing 
families. They come chiefly from the Oolite. In the Eocene of 
the Isle of Wight a fossil has been discovered that is referred to 
the existing Homopterous genus Trieephora. 

We are not entitled to conclude more from these facts than 
that Homopterji probably appeared befoi*e Heteroptera, and date 
back, as far as the Carboniferous epoch. 

dasBifleation and fleaiiilies. — No complete catalogue of 
Hemiptera exists, but one by M. Severin is in course of publica- 
tion. It is proluible that there are about 18,000 species at 
present described, two-thirds of this number being Heteroptera. 
In Britain we have a1x)ut 430 species of Heteroptera and 600 
of .Homoptera The classification of the Order is not in a very 
advanced condition. The following table exhibits the views of 
Schiodte** in a modified form: — 

Front of heafl not touching the coxae. I. Heteroptera. 

Front of head much inflexed so as to be in contact with the coxae. * 

II. H0310PT£aA. 


Sub-Order T. Heteroptera. 

Posterior coxae nearly globose, partly embedded in cavities, and having 
a rotatory movement. Mostly terrestrial forms. 1 . Trochalopoda. 

Posterior coxae not globose, larger, and not embedded ; their articulation 
with sternum almost hinge-like. Posterior aspect of hind femur usually 

* Les Inseetes /oaHles, etc., 1894, p. 462. • Ann, NaU Hist, (4) vi. 1870, 226. 
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.more or less modified for the reception of the tibia when closed on it : mostly 
aquatic forms. 2. Pagiopoda. 

Division 1. Trochalopoda. 

This division includes the majority of the families of Meteroptera— «vix. 
the whole of the terrestrial families except Snididae and the Acanthhie of 
Schiodte, and it also includes Nepidae, It family of water-bugs. 

Division 2. Pagiopoda. 

This includes the six purely aquatic families of Heteroptera, except 
Nepidae, which appear to have very little connection with the other aquatic 
bugs. The only terrestrial Insects included are the Saldidoe and the 
Acauthiae ; in these the femora are not modified as they are in the aquatic 
forms. Hemiptera that live on the surface of water, not in the water, are 
classed with the terrestrial species. With these exceptions this arrange- 
ment agrees with that of G^mnocerata and Cryptocerata as usually 
adopted,^ and therefoi'e followed in tlie following pages. Schiodte’s 
characters, moreover, do not divide his two divisiotin at all sharply. 

Sub-Order 11. Homoptkka. 

Tarsi usually three-jointed . Series Trimera. 

„ „ * two-jointed „ Dimera. 

„ „ of one joint . „ Monomers. 

The classification of Hoiiioptera is in a most unsatisfactory state ; no tw*o 
authors are agreed os to the families to be adopted in the series Trimera. 
We have recognised only, five — viz. Cicodidae, Fulgoridae, Membracidae, 
Cercopi<lac, and Jassidae. The Dimera consists of Psyllidoe, Aphidae, 
Aleurodidac ; and the Monomera of Coccidae only. It is usual to associate the 
Dimera and Monomera together under the name of either Phytophthires or 
Steriiorhyncha, but no satisfactory definition can be given of these larger 
groups, though it seems probable that the families of which tliey are com- 
posed are natural and distinct. 


Sub-Order I. Hetkkoptkra. 

Series 1. Oynmocerata. 

The majority of tiie terrestrial fEunilies of Heteroptera form 
the series Gymnocerata, iu which the anteimae un5 conspicuous, 
aud can be moved about freely in front of the head, while in 

’ A table of the families is given by Ashniead, but does not work out quite ' 
satisfactorily, Entom. ATnerieana, iv. 1888, p. 65 ; a brief table of the characters 
of the British families is given by Saunders, Hemipiera’Hei^roptera of the 
Islands, 1892, p. 12. • 

3 Those who wish to see tables of the families are referred to Ashmeod, lot. 
eU . ; to Pascoe, Ann, Nat. Hist. (5) ix. 1882, p. 424 ; to StAl’s Hemiptera 4/r»- 
eana, vol. iir. 1866 ; aud for the families found in Britain to Edwards, Hemiptera-. 
Homaptera of tiie British Islands, For a discussion in Danish on the value of the: 
characters used, cf. Hansen, Ent, Tidskr. zi. 1890, pp. 19-76. ‘ i 
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Cryptocerata they are hidden. The series Gymnoccrata includes 
all the terrestrial Heteroptera, and the two families, Hebridac 
and Hydrometridae, which live on the surface of the water or in 
very damp places ; while Cryptocerata includes all the forms that 
live under water. 

Fam. 1. Pentatomidae. — Scutellum very large^ at least hitJf 
as long us the abdomen^ often covering the whole of the after-body 
and alar appendages. Antennae often five-jointed. Proboscis- 
sheath four - jointed. Ocelli two. Each tarsal claw with an 
appendage. — This, the largest and most important family of the 
Heteroptera, includes upwards of 4000 species, and an immense 
variety of forms. Tt is divided into no less than fourteen sub- 
families. The species of one of these, Plataspidcs, are remarkable 
for their short, broad forms, and the peculiar condition of the 
alar organs, whicli are so completely 
concealed by the great scutellum that 
it is difficult to believe the Insects are 
not entirely apterous. The head is usually 
inconspicuous though broad, but in a 
few forms it is armed with horns. 

Thougli this sub-family includes upwards 
of 200 species, and is very widely dis- 
tributed in the Old World, it has no 
representatives in America. The Scutel- 
lerides also have the body covered by 
the scutellum, but their organs of flight 
are less peculiar than they are in the 
I’lataspides ; the Insects of this sub- 
family arc highly remarkable on account 
of their varied and frequently vivid coloration ; some of them 
arc mctiillic, and the colour of their integuments differs greatly 
in some cases, according to whether the specimen is wet or 
dry; hence the appearance after death is often very different 
from that of the living specimen. These Insects are extremely 
nuiutu'ouH in species. The sub-family Fhlocides (Fig. 259), on 
the contifiry, includes only three or four South American 
species: they have no resemblance at all to other Pentatomidae; 
they are flat, about an inch long, and look Like scales of bark, 
in this respect agreeing with Ledra and some other Homoptera. 
The South American tub-family Cyrtocorides (Fig. 260) is of 
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Fig. 259 . — Phloea cortieata. 
South America. 
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equally small extent ; the species are of strange irregular sliapes, 
for which we can find no reason. The Teasaratoniides includes 
many of the largest Heniiptera-Hetero- 
ptera, some of its members attaiui^g 
two inches in length. 

The great family Pentatomidae, con- 
taining ahont 400 species, is represented 
in Britain by about 36 native species, 
the most interesting of which are perhaps 
those of the genus Acanthosoma. De 
Geer noticed long ago that the female of 
A. griseum exhibits great solicitude for 
its young, and his statement has auice 

Fio. m.-OyrtocorU mon- conlinucd by Mr. Parfitt aiid the 
stnwus. South America. Bev. J. Hellitis, wilo found that the 
^ mother not only protects the eggs but 

also the young, and that for a considerable time after hatching.^ 
Very little is known as to the life-histories of Pentatomidae. 
In some cases the young are very different in appearance 
from the adults. The peculiar great scutellum is not developed 
till the mature condition is reached. But little attention has 
’ been given to the habits of Pentatomidat*. ; it is generally con- 
sidered that they draw their nutriment from plants; the 
American JSuthyrhymh us Jloridamcs has, liowever, been noticed 
to suck 'the honey-bee, and we think it probable tliat a good 
many Pentatomids will be found to attack Insects. 

The term Pentatomidae as applied to this family is of modem 
origin : in most books the equivalent group is called Scutata, or 
Scutati,and the term Pentatomidae is restricted in these works 
to the sub-family called Pentatoiiiides in the system we adopt. 

Fam. 2. Ooreidae. — Scutellum not reaching to the middle of 
the body ; prohoscis-sheath fourfointed ; ocelli present ; antennae 
generally elongate and four-jointed, inserted on the 'wp’per •parU 
of the sides of the head; femora not knobbed at the tip, — The 
members of this great family are easily recognised by the above 
characters ; formerly it was called Supericornia in connection with 
the characteristic ix>sition of the antennae. About 1500 species 
are known, and they are arranged in no less than twenty-nine 
8ub-familie& Many of them are Insects of large size, and they- 
1 Eni. Mag. vii. 1870, p. k ^ . 
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frequently have a conspicuous disc, or dilatation, on one of the 
joints ofitbe antennae. Another very curious and, as yet, inex- 
plicable peculiarity very commonly uiet with among them, is 
that the hind legs may be of great size and deformed ; either the 
femora or the tibiae, or both, being very much distorted or 
armed with projections. Brilliant colour is here comparatively 
rare, the general tone being indefinite tints of browns, greys, or 
smoky colours. The South American genus Holymenia (jOopim 



Fig. 261 . — Diador bilineatus. Fio. 292.~-Phyllomnrpha laciniaftt^ carry- 

South America, x ing some of its eggs. Spain. 


of older authors) consists of slender forms, having the elytra 
transparent even on the basal part like Homoptera ; this and 
some other peculiarities give the species of this genus a certain 
resemblance to Insects of other Orders; Westwood says that 
Diateuia Aolymenoides (Diptera) greatly resembles a bug of the 
genus Holymenia, The tropical American genus Diauctor consists 
of a few species of elegant colour having the hind legs very 
peculiarly shaped, the tibiae being flattened and expanded in a 
|ail-like manner, and dtnamented with agreeable colours different 
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from those on the rest of the body ; they are made more con- 
spicuous by the femora being remarkably long and thin ; it is 
probable that they are used as ornaments. The sub -family 
Phyllomorphides consists of about a dozen species, and is found 
in several of the western parts of the Eastern hemisphere, one 
species, P, laciniatay occurring in Southern Europe. This Insect is 
of very delicate texture, and the sides of the body are directed 
upwards and deeply divided so that a sort of basin is formed, of 
which the dorsum of the body is the floor ; the Insect is very 
spinose, and is thus enabled to carry its eggs, the spines helping 
to retain them in position on the bick. It is said to be the male 
that thus carries the eggs. This species is able to stridulate, 
and when doing so vibrates its antennae with excessive rapidity. 
We have only about a score of species of Coreidae in Britain, 
and none of the remarkable forms of the family are among them. 

Fam. 3. Berytidae. — Very slender Insects with the first 
joint of tlie antennae and the femora thickened at the tips . — 
This small family was not distinguished . from Coreidae by the 
older authors. It consists of about fifty species, eight of which 
are found in Britain. 

Fam.* 4. Lygaeidae. — The charcucters are the same as those 
mentioned for Coreidae, except as regards the insertion of the 
antennae; the tipper surface (yr fo/ce of the head is not so fiat, hut 
is transversely convex, so that seen in profile the antennae appear 
to he inserted v?ell dmvn on the sides of the head . — The name 
Infcricornia was formerly applied to these Insecta They 
are on the average of smaller size than the members of the 
Coreidae or Pentatomidac, and are much less conspicuous in colour 
and form ; a good many of the larger Lygaeids are, however, 
variegate with black, yellow, and red. The family is very numerous 
in species, about 1400 being known; they are arranged in 
thirteen sub-families; we have about sixty species in Britain, 
nearly all small. Eremocoris lives, when immature, in the nests 
of the wood-ant, according to Wasmann. The family includes 
some notorious Insect-pests. The Chinch -bug. Missus leuco^ 
pterus, commits very serious ravages on corn and grasses in North 
America. The Cotton-stainer, Pysderms suturMus (Pyrrhocoridae), 
is injurious to cotton in certain parts of the New World : its growth 
has been described by Biley,^ who thinks a dye valuable for 
^ Inaed Lifey i. 1889, p. 
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commercial purposes might be procured from the Insect. This 
bug has recently developed the habit of sucking oranges, and has 
thus become injurious in Florida, as the fruit readily decays 
after it has been punctured by the^ Insects. The phenomenon 
of ** micropterism ” is exhibited by numerous Lygaeids, as well as 
by Pyrrhocoridae. 

Fam. 5. Pyrrhocoridae. — Distinguished from Lygmidae only 
hj the absence of ocelli, and not recognised as a distinct family 
by all Hemipterists. About 300 species are included. Our 
only British member is the notorious Pyrrhocoris apterus ; it is, 
however, very rare in this country, though it abounds on the 
(.■ontinent, and has been the object of investigation by embryo- 
logists and othera It displays in a most marked manner the 
curious dimorphism as to the alar organs that is so common in 
certain divisions of Uemiptcra ; the elytra and vrings being some- 
times normally developed, while in other cases the wings are 
eiitirely absent, and the horny, basal part of the elytra only is 
present. In some localities, and in some years, only the micro- 
pterous form is found, while on other occasions there may bo a 
large percentage of the macropteroiis form. The abundance of 
this Insect has enabled the French chemist Physiilix to obtain 
an amount of its colouring matter sufficient for analysis; as 
the result he procured a substfmee, insoluble in water, very 
closely allied to carotiiia^ The Oriental Insect Lohita grandis is 
one of the most remarkable of Bugs, the male of the Sumatran 
variety being over two inches in length, having enormously long 
antennae, and the abdomen extended to about twice the normal 
length, while the other sex is in the usual condition in these 
respects. The species is said to be injurious to the cotton-plant 
in India. 

Fam. 6. Tingidae. — Tarsi twogointed. Elytra more or less 
reticulale, consisting of strong, irregular, thick lines forming a frames 
work of cells, the enclosed part of the cell bewig of different texture 
and frequently transparent; antennae with terminal joint more or 
less kmbdike, the preceding joint very lo^ig ; ocelli wanting ; pro^ 
notwn prolonged behind, covering the scutellum; front coxae placed al 
the back of the thorax, — This is the first of a series of families 
with only two joints to the feet. These little bugs are very 
remarkable objects, and exhibit much variety in their peculiar 
^ C.R. Ac, Sei. Paris, cxviii. 1894, p. 1282. 
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sculpture, which in numerous forms attains a condition of 
elegance well worthy of attention. There are nearly 300 species 
known, and in llritain we have about a score. The characters 
we have given above do not apply to the genus Pieama^ though 

it is usually placed in 

lum is not covered, and 

known as to the nature 
of the lives of Tingidae, 
yet it was pointed out 

family (probably C. dari- 
^ corm. Fig. 263), lives in 

Fio. 263..-^m^ Europe. deformations of the 

flowers of the Labiate 
plant now called l^eitcrimn chamaedrys; Frauenfeld has more 
recently confirmed this observation, and shown that the closely allied 
C, teucrii affects the flowers of T, montamim in a similar manner.^ 
Fam. 7. Aradidae. — Very flat, hroad; scutelhim exposed, 
large or moderate; abdomen broader than the alar, organs, which it 
frequently encases like a broad frame. Front coxae placed in the 
middle of the prosternum. — These very flat Insects, of obscure colour, 
have frequently very peculiar sculpture. They live under bark, or 
on fungi growing from bark,and 
are suxiposed to draw their nut- ^ F 

riment from the fungi, though \\/ f 

but little is actually known as Vj|tv 

to their natural history. The 
family is almost cosmopolitan, 

and includes about 300 species, y 

of which five occur in Eng- p i* 

land. The small sub -family 
Isoderminae consists of a few 
species that are placed only 

provisiomUly in Aradidae; they 2ei.-Arad^ cri^UaU,. • 8l«m. 

differ from the normal members by there being no groove on the 
» y«rh. Get. trim. Ul. 1868, ^ 167. 


Fio. 2S4,—-Aradu8 orientalis. ' Siam. 
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breast, so that the rostrum is free. Of the five species, three 
occur in Chili and Patagonia, two in Tasmania, and one in 
Australia. 


Fam. 8. Hebridae. — Minute huge, of eemiaquatic haUte, 
clothed heneath with a dense, minute, silvery pubeeeenfie ; antennae 
fivefoirUed ; lege of not more than average length ; elytra in larger 
part membranous. — This small family consists altogether of only 
about a dozen species ; we have two species of the genus Hehrue 
in Britain ; they are usually found in very wet moss. 

Fam. 9. Hydrometridae. — Form very diverse; antennae 
four-jointed, tarsi two-jointed. Coxae usually widely separated. 
Either wingless or with elytra of one texture throughout, having 
no membranous part. Under surface with a minute velvet-like . 
pubescence. In many forms the legs are of great length. — ^Although 
of comparatively small extent — scarcely 200 species being at 


present known— this family is of great 
interest from the habit possessed by its 
members of living on the surface of 
water. Tn the case of the notorious 
genus Halohates (Fig. 265) the Insects 
can even successfully defy the terrors 
of Neptune and live on the ocean 
many hundreds of miles from land. 
There is great variety of form among 
Hydrometridae. The European and 
British genus Mesovelia is of short 
form, and but little dissimilar from 
Ordinary land-bugs, with which, indeed, 
it is connected by means of the genus 
Hebrus, already noticed. Mesovelia 
represents the sub-family Mesoveliides, 
which, though consisting of only four 
species, occurs in .both hemispheres, and 
in the tropics as well as in the tem- 
perate regions. Our species, M.fureata, 
walks oif the surface of the water, the 
movements of its legs and the posi- 



Fio. 26.5. — Hal^Atdeii sobriuits. 
Under surface of a female 
carrying eggs. Pacific Ocean 
(Man^uesas). 


tion of its coxae being those of land -bugs. Another British 


Insect — the highly remarkable Hydrometra stagnorum — is of 


excessively slender fdrm, with long thin legs, by aid of which it 
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walks on the surface-film of water, above which its body is held 
well separated. It is easily drowned, and if submerged it has 
great difficulty in escaping from the water. This genus repre- 
sents the sub -family Hydrometrides, and is apparently almost 
cosmopolitan. Velia cw^rens is another common British Insect ; 
it loves the eddies and currents of backwaters on burns and 
streams, and is very abundant in Scotland. An American ally, 
Bhagovelia plumhea, appears to be not uncommon on the surface 
of the ocean in the Gulf of Mexico, near the sliores. The great 
majority of the family belong to the division Gerrides, of which 
the curious, long Insects that fioiit so kzily and skim so easily 
on the surface of quiet streams are typical. The species of the 
genus now called Gerris, but formerly known us Ilydrometra are 
apparently distributed all over the world; we have ten in 
Britain. They have very long legs, and on being alarmed move 
away with the greatest ease. 

The genus Halohates includes at present fifteen species. They 
are found on the ocean, where the surface-water is warm, in 
various parts of the world. They are destitute of any tmee of 
alar organs, the meso- and meta-thorax are closely united and 
large, while the abdomen is very small, so that the body is of 
oval form ; the middle legs are thrown so far back that they are 
placed immediately over the posterior pair. When the sea is 
calm these Insects skim over the surface with rapidity, but 
distippear as soon as it becomes agitated. They are believed to 
feed on small animals recently deceased; Witlaczil says on 
the juices of jelly-fish. The young are frequently met with, 
and there can be no doubt that the whole life-cycle may be 
passed through by the Insect far away from land. The It^ian 
ship Vettor Pisani met with a bird's feather floating on the 
ocean off the Galapagos Islands, covered with eggs which proved 
to l;e those of Hedohates in an advanced stage of development. 
It wiis formerly believed that the female atrries the eggs for 
some time after their exclusion, and although this has since 
been denied, it is nevertheless an undoubted fact, for it was 
observed by Mr. J. J. Walker,^ to whom we are indtbted for 
a specimen having the eggs still attached to the body, as shown 
in Fig 265. Mr. Walker believes the bugs shelter themselves 
when the sea is at all rough by keeping at a sufficient distance 

^ SfU, Mag, sxix. 1893, 2^7. 
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below the surface ; they can dive with facility, and are gregarious. 
They are frequently found close to the shore, and Mr. Walker 
has even met with them on land. The stink-glands of other 
Hemiptera are said 
by Nassonoff to be 
replaced in Haldbates 
by peculiar ventral 
glands. An allied 
genus, Halohatodea, 
was supposed to bo 
oceanic, but this is 
not the case, some of 
the species having 
been found recently in 
fresh water in India, 
and others in estu- 
aries at Port Darwin. 

A remarkable allied 
form, Hermatohates 
haddoni, was recently 
discovered by Pro- 
fessor Haddon in 
Torres Straits. Apart 
from the oceimic life, 

JTalohates is by no 
means the most ex- 
traordinary of the 
Hydrometridae. The 
Javanese PtUomera 
laticaudata repeats her^Mhi. x lo. 

some of its peculi- 
arities, and is of larger size, with the sexes very different. The 
most remarkable of the family is perhaps the fresh-water genus 
RheuTnatobates (Fig. 266), in which the males have peculiar 
prehensile antennae that look like lega These curious Insects 
inhabit Xorth America and the West Indiea 

We may here notice an enigmatic Insect called Hemidiptera 
haeckdi by lAon. From the single specimen known it is con- 
cluded that the Insect has only one pair of wings, and that they 
are attached to the ^netathorax. It is, however, possible, as 
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suggested by Bergroth,' that the anterior pair have been 
detached by some accident. 

Fam. 10. Henicocephfldidae. — Head m'ollen hehind the 
eyes so as to form a sort of globe, on the anterior part of 
which the ocelli^ are placed. Rostrum extremely short. Elytra 
ralher large, of one consistence throughout ; conspicuously veined , — 
There is only one genus ; it is very widely distributed, about a 
dozen species being known ; one of these occurs in the south of 
Europe. These curious little bugs appear to be most ne»irly 
allied to the Beduviidae. According to Westwood and others 
they are somewhat gregarious ; a Tasmanian species dances in 
the air after the fashion of midges or May-flies, and dispenses an 
agreeable, musk-like odour. 

Fam. 11. Phymatidae. — Front legs of peculiar structure, short 
and stout, voith long coxae, short thick femora, and tibiae curvate, 
pointed ; frequently without tarsi, — The Insects of this family are 



Pio. 267.— Ctfmnoww* bmghami (Phymatidae). Burma. 


believed to be pi'edaceous, the structure of the legs beiilg suph as 
is called raptorial, and one species, Phymata erosa\ being known 
to capture and suck honey-bees in North America."* There are 
only about seventy species of Phymatidae known. We have 
^ Wien, enl, ZeU, xi. 1892, p.*169. 
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none in Britain, though there are a few in Southern Europe; 
one of these, P. crassipes, extends as far north as Paris. The 
distinction of the family from Beduviidae is d6ubtful.' There 
are a few very rare fonns (Fig. 267) in which the front tibia is 
articulated to the femur in 
such a way that a pair of 
pincers is formed : the tarsus 
is in this form, as well as 
in some other Phymatidae, 
absent. 

Fam. 12. Reduviidae. 

— Head more or le.ee don- 
gate, very movable, efye^pLauced 
mwah in front of the thorax, 
ocdli, when preeent, behind 
the eyes. Proboecie short, or 
moderately short, not ex- 
tending on to the hreaet, in 
repose curved under the h^ad 
so as to form a loop there- 
with. Elytra, when present, 
consisting of th/res divisions. 

Tarsi three-jointed. — This is 
one of the largest and most 
important families of Hemi- 
ptera. Upwards of 2000 
species are already known ; 
the habits seem to be chiefly 
of a pi'edaceous nature, the 
creatures drawing their 
nutriment from the animal 
rather than from the vege- 
table kingdom, and their 
chief prey being in all 
probability other kinds of 
Iiisecta • There is, perhaps, 
no family of Insects exhibit- 
ing a greater variety of form and colour. The Emesids are amongst 
the most delicate of Insects, equalling in this respect the daddy- 
1 Mwwgrixph (tfPhymoHdae: Handlirach, Ann. Hofmus. WUn, xii. 1897, p. 127. 
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long4eg flies ; they are, however, highly predaceous ; their front 
legs are peculiaa*ly formed for capturing and holding their prey, and 
have long coxae, like Mantis, so that these Insects are commonly 
mistaken for small or young Mantises, from which their sucking 
proboscis at once distinguishes them. This curious starved-look- 
ing form of bug reaches its maximum of peculiarity in the ScSith 

American genus 
anella (Fig. 268). Ac4 
t!ording to Pascoe the 
linear form enables the 
young larva to becarriecl 
al)Out by the mother, M 
the long slender abdo- 
men of the larva being 
curled around the 
thorax of the parent. 
Ploiaria from 

Woodlark Island, is 
an Insect of excessive 
fragility and elegance, 
with the long thin legs 
coloured >vith alternate 
patches of black on a 
white ground, giving 
rise to a very curious 
appearance remarkably 
*aiialogous to w*hat we 
find in some of the 
equally delicate daddy- 
long-leg flies. 

We have three species of Emesidcs in Britain, but most of our 
Beduviidae belong to the sub-family Nabides. These approxi- 
mate to ordinary bugs in appearance and characters more thanj 
do any other of the Beduviidae. One of our indigenous Nabid 
is of great interest from the curious resemblance it has to an 
(Fig. 269). The likeness is brought about by the siddlb of jHle 
base of the abdomen being very pallid in colour, except a dark 
mark in the middle ; this mark is in shape like the pedicel of an 
ant. Viewed in profile it is found that on the base of the abdo- 
men there is an elevation like the " scale^* in this position in 



Fig. 269 . — SafAs UitivftwtrM, young. Cambridge. 
A, Insect seen from above ; A profile. 
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ant8> and that the abdomen is extremeljr/ ant-like in form. This 
resemblance is quite parallel with that of an Orthopteron to an 
ant (see Vol. V. p. 323); the Insect is by no means uncommon, 
and it is* strange that this curious case 
of resemblances should hitherto have 
escaped notice. The bug runs about on 
plants and flowers, and is frec][uently in 
pompany with ants, but we do not know 
whether it preys on them. Not the 


Fig. 270. — Ptil4>cnemu8 sidnievs. 
A-ustraliu. (After Mayr.) 

least remarkable of the 
fiicts connected with 
this Insect is that the 
resemblance is confined 
to the earlier instars ; 
the adult bug not being 
like an ant. We may 
here mention that there 
are numerous bugs that 
closely resemble ants, 
and that on the whole 
there is reason to be- 
lieve that the resem- 
bling forms are actually 
associated during life,, 
though we really know 
very little as to this last 
point. 

The little sub-family 
Holoptilides, with 
twenty-five species, but 
ViQ. 27i.-’Myiodocha tipfdina. CJhina. widely distributed in 

the Eastern hemisphefe, is remarkable on account of the feathered 
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antennae and legs of its members (Fig. 270). Altogether four- 
teen sub-families are recognised, the most extensive one being ‘ 
Harpactorides, including a great variety of remarkable forms ; in 
the South American genus Notocyrtus (better known as ^accoderei. 
Fig. 257), the prothorax is swollen and covers the body to a 
greater or less extent in the &shion of a hood. In Yolinm 
and Evlyes the coloration is the most conspicuous system that 
could be devised, tlie sides of the abdomen (connexivum) being 
expanded into bright -red lobes on which are placed patches 
of polished-black. The most remarkable form of Reduviid 
is, perhaps, one from China (Fig. 271) of considerable size, 
of gi’eat fragility, and greatly resembling, like some Emesides, 
a daddy-long-legs fly, though it does not l)elong to the Emes- 
ides. It is an altogether anomalous form. According to 
Seitz there is found on the Corcovado in Brazil a Beduviid 

that exactly resembles one of the 
dark stinging-wasps of the genus 
Pepsi&t and the bug makes the same 
sort of movements as the wasp does, 
though these are of a kind quite 
different from those of ordinary bugs.^ 
Although the attacks of Bedu- 
viidae on animals are usually con- 
flned to the smaller and more 
lems. “llie eggs are attached defenceless kinds, yet this is by nb 
to a leaf and to each other by a nieans invariably the case ; there 

viscid sulistance ; eggs retl, the . « .1 ^ 

cover pale yellow, with the club UFO in tact IlumerOUS SpecieS tl^t dO 

Green* not hesitate to attack man himsell 

Several species of Reduvius do this 
in Southern Europe, and are frec^uently met with in houses. R, 
personatus is the only species of the genus in England ; though 
far from common anywhere, it is sometimes found in houses, and 
is said to destroy the common bed-bug ; it is able to pass its 
whole existence in our habitations, for the young are found as 
frequently as the adult, and ai'e usually concealed by a quantity 
of dusty matter, or refuse, adhering to the body. Thisshabit of 
covering the body with some foreign substance is natural to the 
Insect, the young that are found on trees being covered with 
matter ’ derived therefrom. Darwin has given us an account of 
1 Ent. ZeU. Stettin, U. 1890, p?281. 
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the Benchucha/ a. bug an inch long, which in South America 
attache human beings after the fashion of the common bed-bug. 
In this case no ill-efiPects. follow the attack, but in the case of 
ConorMnm sanguimga in Arizona, great pain and inflammation 
ensue and may end in the gathering and discharge of pus. 

Not the least remarkable of characters of lieduviidae is the 
form of the eggs of some of the species (Fig. 272, and Vol. V. 
Pig. 78, C) ; the egg bearing a peculiar operculum, the purpose of 
which is at present quite mysterious. 

Fam. 13. A^ophilidae. — ^A single species forms this family. 
It is of considerable interest, ^s it is incapable of flight, passing a 
large part of its life covered by the sea. Aej)ojphilu8 honnaird 
is a small Insect with quite short head, without ocelli, and with 
the organs of flight represented hy a pair of rery short dytra, 
with rounded hind-margins. It is found on the shores of 
Western Prance, and, as a great rarity, on our own south coast. 
It no doubt sucks small soft animals. In the (.liannel Islands 
it occurs in spots where it is nearly always covered by a con- 
siderable depth of water. 

Fam. 14. Oeratocombidae. — Minute hugs with ocelli and 
dytra. Rostrum free. Head not hroad, somewhat prolonged in 
front; eyes close to the thorax. Elytra usiially without a rfis- 
tinctly separated membrane. Tarsi three-jointed. — This family 
includes at present only a few, minute, fragile bugs, that have 
often been classified with Cimicidae or Anthocoridae. We have 
only two British species, one of which, IHpsocons aliemis, is 
common amongst the damp shingle at the margins of the burns 
and waters of Scotland. 

Fam. 16. Oimicidae. — Ocdli absent; elytra very short and 
broad, so that the broad abdomen is left uncovered. Head short 
and broad. Rostrum reedved in a groove beneath the head. Tarsi 
three-jointed. — Although this family consists of only a dozen 
species, it is the most notorious of all l!he Order, as it includes 
the detestable Cimex lectvlarius or common Bed-bug. This Insect 
is nc»w peculiar to the habitations of man, and is said not to 
trouble sapk’age races ; or rather it is supposed to be present only 
when the habitations have a certain degree of comfort and per- 
manence. It has no fixed period of the year for its development, 
but the generations succeed one another so long as the temperature 

^ Katuralisfa Voyage, ed. 1884, p. 330 ; cliap. xt. 
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is sufficiently elevated; during too cold weather the Insects 
merely become stupefied, their lives being as it were interrupted 
till warmth returns. It is a favourite food with other Insects, 
and is destroyed by cockroaches and ants as well as by Reduvius ; 
the small black ant Jfonomoriwm will, it is said, clear a house of the 
bed-bug in a few days. Nothing is really known as to the origin 
of this Insect ; it is now very widely distributed. The other 
species of the family frequent birds and bats, and are very 
similar to the common bug. The genus to which the bed-bug 
belongs is in many works called Acanthia instead of Cimex, 
Other authors apply the term Acanthiii to Saida, but it is better 
to allow the name AcanfMa to fall into disuse. • 

Fam. 16. Anthocoridae. — Miimtc hug», usually %vith ocelli 
and with elytra ; the latter occasionally abbreviated, bat usually 
Jully developed, with membranous tip. Head prolonged in the 
middle in front much beyond the insertion of the antenwie ; eyes 
not far from the thorax. Rostrum free. — These small and obscure 
Insects appcjir to be rather numerous in species, and to be chiefly 

Some of tlie species live 
in ants' nests. We have 27 
British species belonging 
to 11 genera. About 200 
species of tlie fiimily are 
known. The members of 
the sub-family Microphy- 
sides are remarkable from 
the great dissimilarity of 
the sexes, for which it is 
not possible to assign any 
reason. 

Fam. 17. Polyctenidae. 

— Proboscis - sheath three - 
jointed^ tarsi four jointed, 
anteimae four-jointed. Teg- 
mina quite short, of one con- 
sistence. — The four or five 
anomalous species forming 
this family are parasites on 
bats of the genus Moloesus, and have been found in both the 
Eastern and Western hemispheres. West\^od, who first described 


connected with woods and forests 



FlO. 273. — Pdycle:iie8 fumarviu. 
(After Westwo^.) 



yiii POLYCTENIDAE— CAPSIDAE 561 

, r— — ^ 

them,' treated them as aberrant Anoplura or lice, but there do 
not app^r to be any sufficient grounds for removing these para- 
sites from Hemiptera-Heteroptera. The condition of their alar 
organs reminds one of what exists in Gimex and A^ophilus^ and 
the mouth is not known to possess any very peculiar^ structure. 
We have had no opportunity of making a thorough examination 
of PolycteriM, and therefore speak with some diffidence. 

• Fam. 18. Oapsidae. — Moderate-sized or small hugs^ of delicate 
consistence^ without ocdli ; the dytra and wings 'usually lairge in 
proportion to the body, the former with two cells {occasionally 



Fio. 274 . — Hdopdtia sp. East India. 


o'nly one) in the m embrane. Anten'naefour-gointed, the second joint 
usually very long, the terminal two more sLe'oder than the others. 
The pi'oboscis net received in a groove. Scutdlum exposed, mode^ 
ratdy large. Tarsi three^jointed. Female with an ovipositor 
capable of exsertion. — This family is one of the most extensive of 
the Hemiptera ; we have about 170 species in Britain, where 
they are most abundant in the south. The exotic species have 

been but little collected. Their colours 

are usually delicate rather than vivid, 

. and are never metallic. They frequent 
.plants of all kinds, and many of them 
^p by the aid of their wings with great 
agility in the sunshine. The majority 
probably suck the juices of the plants, but 
some are known to prey on other Insects. 

•l!he species of the Indian genus Hdo- 
>]pdtis (Fig. 274) are remarkable by 
possessing a knobbed spine projecting 
straight up from the scutellum, making 
the individual look as if it were a specimen with a pin through 

^ €!»<. OsBonientf*, 1874, p. 197. . 

VdLrVI . 2o ■ 



Fig. 275. — Section of a stem witb 
egg of a Capsid bug allied 
to IfefcipMa (Moesa-blight). 
X 58. (After Dudgeon.) 
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it : they attack the tea-plant and do considerable damage. They 
are known as Mosquito-blight. The egg is of comparatively large 
size, and is placed by the bug in the stems of the tea-plant, 
but attached to one end of the egg are two long slender threads 
that project externally. A similar egg (Fig. 275) and method 
of oviposition have been described by Mr. Dudgeon as occurring 
in another species of Gapsidae, called Moesa-blight, in India.^ 

Fam; 19. Saldidae. — HmA short and broad, 'idth large, pro^ 
viinent eyes. Ocelli present. Proboscis not applied to under surf cues 
of head or hr east in repose, SciUdlmn large, not covered. Elytra 
covering the upper surface of the abdomen, formed of three distinct 
parts. Tarsi three-jointed, — These little bugs run with velbcity 
over mud in damp places, or live in wet moss ; some of them can 
jump ; they are all of dark or obscure colour. There are only 
three genera : Saida, of which we have numerous British species, 
being the principal one. 

Series 2. Oryptocerata. 

The remaining families of Heteroptera are of aquatic habits, 
and form in nearly all works a separate division called Hemiptera 
Oryptocerata (or Hydrocorisae, or Hydrocores), distinguished by 
the antennae being apparently absent ; they are, however, retilly 
present, being situate on the under side of the head, to which 
they are closely pressed, or in some cases placed in a pocket in 
front of each eye. There are six of these families. Schiodte 
is doubtless correct in treating this division as an unnatural one ; 
it is, however, generally adopted, and is convenient for the pur- 
poses of nomenclature and arrangement. 

Fam. 20. Oalgulidae or Felogonidae. — Form short and 
broad; head very broad, with prominent eyes, ocelli present. Hind 
legs thin, formed for running, — The Insects of tliis family are 
but little known ; they are only sub-aipiatic in habits, frequent- 
ing damp places at the margins of streams and waters. The 
presence of ocelli distinguishes them from other water-})ug8, with 
which indeed the Galgulidae appear to be but little related. 
There are only about twenty species of the family known. We 
possess none in Britain ; but one, Pdogonus marginatus, occurs 


^ Ind. Mua, Kates, iii. No. b, 1894, p. 58. 
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in South Europe. The other members of the family are veiy 
widely scattered over the surface of the earth. 

Fam. 21. Nepidae. — Abdomen f urnished behind with a long 
derider siphon; front legs mo're or lees elongate for capturing 
prey, placed quite at the front 
edge of the prothorax, — ^This 
family consists of two interest- 
ing but very dissimilar genera, 

Nepa and ItanatrcL Both are 
widely distributed over the 
earth, and are rather numerous 
in ^pecies.^ We have one 
species of each genus in Britain. 

Nepa cinerea, the common 
“ water -scorpion,” is one of 
the commonest of Insects in 
Southern Britain, living con- 
cealed in shallow waters when 
nearly or quite stagnant. 

Ranatra linearis (Fig. 276) is 
much less common, and appears 
to be getting rarer ; it is not re- 
corded from farther north than 
Cambridge 

The nature of the respir- 
atory arrangements in these 
Insects is of considerable in- 
terest; the long tube at the 
extremity of the body consists 
of two parts (as sliown in Fig. 

276) brought together in the 
middle, one from each side. 

Lacaze-Duthiers states that the YIO. 276 — Ranatm Unmris, with the two 
I i. j 1 portione, a, of the respiratory siphon 

processes are elongated pleurae, tiunbridge. 

but in the young it is far 

from deaf that this is the case. However that may be, they 
seem to convey air to the true breathing organs, situate inside 
the cleft on the apical part of the abdomen itself ; but details 
as to the way in which transfer of air is effected along this 
^ Ferrari, Monograph A A^epa, Ann, Hoftnus, Wien, iii. 1888, p. 171. 
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very protracted passage are not forthcoming. The develop- 
ment in Nepa has been studied to a certain extent. The . 
apical stigmata are the only pair of the abdominal stigmata 
that exist in the imago of Nepa^ the other six pairs being 
obliterated ; the third, fourth, and iiftli, according to Schiodte, in 
a very peculiar manner : hence, as Martin says,^ the respiratory 
system is metapneustic. In aii earlier stage of the life, however, 
these six pairs of stigmata exist in functional activity placed in 
a groove on the under surface of the body ; so that the condition 
is that termed peripneustic, and remains so till the final moult, 
when the long siphon appears. In the early life there is^ a 
short prolongation from the end of the body in connection 'with 
the pair of grooves alluded to, but it is a single unpaired organ, 
and docs little therefore to explain the appear- 
ance of the siphon, which must, at present, be 
considered as being suddenly developed at the 
last moult. 

The eggs of Nepidae are remarkable objects ; 
that of the common water-scorpion bears seven 
filaments at one end (Fig. 277); while that of 
BaTmtra is more elongate, and bears only two, 
very elongate, threads. These eggs are deposited 
in the stems of water-plants, being introduced 
therein, so that the body of the egg is concealed 
while the threads project : those of Ranatra are 
placed in stems floating on the water, and in 
consequence of the threads the steins look as if 
they were infested by some fimgus. The struc- 
Pio. 277. — ^ of ture and formation of the eggs have been 
KorMhelt) investigated with considerable detail by Kor- 
schelt.^ He looks on the filaments as pneu- 
matic, and considers that they supply a coating of air to the 
body of the egg; they consist of a spongy mass encircled by two 
layers of egg-shell, both of these latter being peculiar in struc^ 
ture ; the spongy mass is continuous with a layer of the same 
kind of substance placed on the interior of the shell of the* body 

^ Bull. Soe. Philomai, (8) v. 1898, p. 57. There is some diversity of opinion ' 
OB to the respiratory orifices, and some authorities say that thoracio stigmata exist, / 
even in the imago. . c 

* Acta Ac. Ocrman. li. 1887, p. 224, and Zeitcehr. toias, Zool. xliii. 1886, Pvf^T* 
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of the egg. It will be recoUec^d that we liave deacribed (p. 
662) an egg, apparently of the same nature, deposited by Capsids 
in the stems of land plants, so that it is very doubtful whether 
the threads are really connected with the aquatic development 
of the embryo in Nepidae. But the most interesting feature 
Connected with these eggs is, according to Korschelt, the mode of 
development of the filaments, which is »ui generis ; the shell of 
the egg is developed in the ordinary manner as an exudation or 
excretion from epithelial cells ; but the shell of the filament is 
formed as an intracellular product; a mode of chitin-formation 
that appears to be peculiar to this structure. Korschelt remarks 
thalt " it is in the highest degree worthy of attention how by 
any process of development through a large number of successive 
generations so complex a condition could be established as the 
result of adaptation to external conditions; and this becomes 
even more interesting when we remember that highly peculiar 
special processes and departures from the usual modes of tissue- 
formation are necessiiry to permit the development of this 
apparatus.” ^ 

Fam. 22. Naucozidae* — ocell% and no terminal process 
to the hody ; front legs inserted on or near the front of the 
prosternum. Anterior femora usually Inroad and flat — The 
members of this family are truly aquatic, and swim readily in 
the water. The family is small, including about nine genera 

■ and thirty species, but, like many water-insects, the genera are 
widely distributed. We liave two in Britain — one of them, 
Xaucoris, common ; the other, Aphelocheirus, rare. 

Fam. 23. Belostomidae. — No oedliy and no long terminal 
tiihe to the hody ; front legs inserted near the front of the pro- 
sternum. Posterior tibiae mt spiny ; flattened and provided with 
swimming hairs. — Although these Insects have l)een classified 
with Nepidae they have but little relation therewith; on the 
other hand, the distinctions from Naucoridac are far less im- 
portant. The family includes some of the largest Insects. The 

, South American Bdostoma grande attains a length of four or four 
and a half inches. Notwithstapding their considerable size 
Belostomidae exist in very large numbers in some localities, and 
frequently destroy young fish , by aid of the powerful though 

1 Korschelt, Ada, Uc. p. Compare the remarks we have made on p. 559 as 
to the peculiarities of eggs of many other Hemiptenu 
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short rostrum. They appear to he unable to resist the attrac- 
tion of artificial lights and are consequently sometimes destroyed 
in large numbers. It has long been known that species of the 
genera Dixtlonychtin and Zaitha carry 
their eggs on their backs. There is no 
special receptacle for the purpose, but the 
eggs are kept in their peculiar position 
by means of a cement insoluble in water. 
It has been stated by Dimnioek that 
they are placed in position by means of 
a long, flexible ovipositor. Sclimidt, how- 
ever, found that a specimen of Diplo- 
nychus, bearing eggs and examined by 
him, was a male, and he subsequently 
found that this was the case with other 
— Zaitha anura^, egg-bearing individuals of other species, 
so that the mode in which the eggs are 
placed ill this |)osition and the object of 
so curious a habit, remain uncertain. Tlie species of Beloatovm 
are highly remarkable on account of the curious and complex 
structure of their antennae, in resi.)e(?t of which the neui’est 
analogy is to be found in the large Coleoptera of the genus 
Hydrophilus, A very deep, ear -like pocket, exactly suited 
to the form of the antennae, 
exists on the under side of the 
head ; hence in repose no sign 
of the peculiar shape of the 
antennae exists. When the 
antennae are placed in this ear- 
like pocket only the one side 
of the basal joints is exposed, 
the long processes being re- ^ . B 

Ceived into the deep pocket. 279.— Antenna of Bd^toma ^ 

evt A AW I/* O One Bide of the Iiniler surface of the hewl, 

with antenna, 6, extende<l ; B, with the 


carrying eggs on ite back. 
West IiidicN. 



In Hydrophilus the antenna is 
used as an accessory organ of 
respiration, and it will be in- 
teresting to learn whether this 
is also the case in Belostoma, Belostomidae have patches of air- 
carrying pubescence, analogous with those of Hydrophilus^ on 
the under sides of the body, elytra and wings, but we do not 


antenna retracted, a, Side of head j c, 
pocket for antenna ; d, poHition of the eyes. 
The corresponding joints ot>the antenna, 
are uumbereil 1, 2, 8, 4 in each figure. 
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know how they are charged. Another extremely interesting 
analogy is found in the manner in which the elytra are locked 
to the body; a projection from the thoracic side-pieces, forming 
a long pouch, into which a fold on the inner side of the elytra 
fits, the two being subsequently locked by the action of some 
special projections. This arrangement is similar to that which 
exists in the anomalous family of water-beetles Pelobiidae. In 
order to make this mechanism more perfect the side-pieces in 
Belosto7nh fonn free processes. Martin has informed us that the 
young have the metasterual episteruum prolonged to form a 
lamella that he thinks may be for respiratory purposes.^ About 
twelve genera and upwards of fifty species of Belostomidae are 
known. None exist in our isles, but several species extend their 
range to Southern Europe. In the waters of the warm regions of 
the continents of both the Old and New Worlds they are common 
Insects, but as yet they have not l)een found in Australia. 

Fam. 24. Notonectidae. — Projternuiii so that the legs 

are 'placed near the hack part of it as well as near the front ; hack 
of the head overlapped hy the front of the pronotuni, — The water- 
Wtmen are extremely common in our ponds, where they may 
be seen rising to the surface and raising the posterior extremity 
of the body for breathing. They swim on their backs instead of 
in the usual position, and have an elaborate arrangement of long 
hairs on the body to assist them to cany about an air-supply. 
They are said to be lighter than the water, and to have some 
difficulty in keeping away from the surface. Notonecta glauca 
is the only British species, but we have a second minute Insect, 
Plea minutissi^na, belonging to the family. It lies in the mud at 
the bottom of shallow waters, and may sometimes be fished up in 
great numbers. It is considered by some authors to form a 
distinct family. The oviposition of Notonecta has been observed 
by Begimbart ; the eggs are inserted into the stems of aquatic 
plants. 

Fam. 26. Oorizidae. — Prosternum shorty as in Notonectidae; 
summit of the head free from the thorax, — ^We have numerous 
species tf the genus Corixa in Britain ; and others extremely 
similar in appearance occur in various parts of the world. The 
head is remarkably free, and capable of great rotation. ' On 
dissection it is found to be attached to the thorax only by a 
I Ball. Mva. Paris, 1806, p. 238. 


S68* HEMIPTERA char 

narrow area; in this respect it differs widely from IfotonecUif 
which possesses an extremely large occipital foramen, and the 
head of which possesses but little freedom of movement. The 
extiramely short proboscis is more or less retractile, and therefore 
frequently appears absent. A s^nd British genus consists of a 
single species, Sigara minutissiirva. These Insects, unlike Noto^^ 
iMcta,, are quite at home beneath the water, where they scurry 
about with extreme rapidity, and occur sometimes in enormous 
numbers. In Mexico the eggs of Corixa americana and of C. 
/emorata are used as food, and are said to be very nice. The 
Insects themselves are used as food in both Mexico and Egypt. 
The species of this familyxsan make a noise beneath the water by 
rubbing the front feet against the proboscis.^ The males have a 
very complex asymmetry of the terminal segments, and in some , 
species possess on one side of the dorsal surface a curious asym- 
metrical organ consisting of rows of very closely-packed, in- 
tensely black, comb-like plates, called by Buchanan White a 
strigiL This organ seems to be similar to the peculiar structures 
found on the terminal segments of certain species of Scutellerides. 

Sub-Order II. Homoptbka.*^ 

Fam. 1. Oicadidae. — Head with three ocelli, placed triangvlarly 
on the summit hetioeen the compound eyes; antennae consisting 
of a short basal joint, surmounted by a hair-like process divided into 
about Jive segments, '* Front femora more or less thick, armed with 
teeth. Peduncle {or basal joints) of antennae without sensitive 
organs, — This important family consists chiefly of large Insects, 
few being as small as one inch across the expanded wings, while 
in some the expanse is as much as seven inches. As a rule 
the fojur wings are transparent and shining, with the neiwures 
remarkably distinct and dark coloured ; but there are numerous 
forms where the whole creature, including the wings, is highly 
pigmented in a showy manner ; frequently in black and yellow. 
Cicadas are said to be without any special protection, and to be 
destroyed in considerable numbers by birds and other anima^ 
The bpdy is broad and robust, and is never shaped ^uto the 
extravagant forms we meet with in some of the other families of ^ 
Homoptera. Gicadidae are almost confined to the warmer regions 

^ See Csrponter, Irish naturalist, iv. 1806, p. 69. 

® See remerks on pi>. 648. 6&. ^ ){} 
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of the earth, but we have one species, a great rarity, in the ex- 
trenie south of England; altogether there are about 800 species 
known. These Insects are seeii 'above ground — so far as the 
life-histories are at present known — only in the perfect condi- 
tion, the creatures in their earlier stages heing subterranean and 
living on roots. As soon as the individual comes out of the 
ground it splits open the nyinph-skin, and the perfect Cicada 
emerges. One species — the North American Cicada sejpteTidficim 
—is a most notorious Insect owing to its life-cycle of seventeen 


C 



Fra. 280.— CVctuta HpUndecUni, North America. (After Riley.) A, Lon-a ; B. 
iiyiuph ; G, nymph skin after emergence of the imago, D ; S, section of twig with 
series of eggs ; F, two eggs magnili^. 

yeara It is considered that the individual, after nearly ^ven- 
teen years of underground existence, comes to the surface and 
lives for a brief period the life of a noisy Insect. This is the 
only Insect at present known having so considerable a longevity. 
This fact, and several other peculiarities, have attracted much 
attention,' so that there is an extensive literature connected with 
the seventeen-year Cicada. It has a wide distribution over the 
United Sbbates, but does not confine its appe^irance to every 
seventeenth year, being found somewhere or other — frequently 
in numerous localities — almost every year. The evidence as to 
its periodicity has been obtained by taking the locality and other 
points into •consideration as well as the year of appearance. 
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By so doing it has been found possible to establish the existence 
of twenty-two broods which are distinguished by consecutive 
numeration. This being done, the evidence as to the years 
during which Cicadas have appeared in any given locality is 
examined, and the result is believed to bear out the view that the 
life-cycle of the individual Insect is really one of seventeen years. 
According to this view there are, underground, in certain localities 
individuals of different ages that will appear on the surface as 
mature individuals in different years. Thus in 1885 it was 
understood that there were underground in Alabama two broods, 
viz. brood xviii. that would appejir on the surface in 1894, and 
brood iv. that would appear on the surface in 1896. The pre- 
dictions made as to the yearn in which Cicadas would appear in 
some given locality are consideretl to have proved correct. More- 
over, particular entomologists have in ccrtsiin lociilities verified 
by personal examination the api)earance of the Insects for several 
consecutive periods of seventeen years. These facts appear fairly 
conclusive, but they are much complicated by another point, viz. 
that in certain localities the period is one of thirteen, not of 
seventeen, years. This is to some extent a (j^uestion of climate, 
the thirteen-year interval being chiefly characteristic of the 
Southern States. It is not, however, entirely so, for there 
are localities in wliich the broods have an interval of either 
thirteen years or seventeen yefira Another fact should be 
remembered, viz. fliat it is admitted that not quite all the 
individuals of a particular brood are true to their proper time of 
appearance; in other words, a few specimens may appear pre- 
cociously a year or two before their comrades, while some may 
lag behind to a considerable extent. It is therefore a matter 
for great surprise that, under these circumstances, the broods 
should keep distinct at all, for one would suppose that time- 
variation of this kind would lead to completely obscuring the 
distinctness of the broods. We must also call attention to tlm 
fact that both the seventeen-year and the thirteen-year broods 
have a dimorphic form, or sub-species, called C. caaainii which 
accompanies the ordinary form, with which it is apparently as a 
rule not connected by intermediates.^ 

’ Wo must refer those who may wish for further information as to thia complex 
and difficult question to the writings of the late Professor Riley, especially to 
Bulletin Ko. 8, 1885, U.S. department of Agriculture, division of entomology ; 
and to the more recent report by Marlatt, Bull. Dtp. Agrie, BrU., N.S. No. 14, 1^8. 
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Cieadidae are provided with powerful ovipositors. The eggs 
of G. septendecim are deposited in the woody steins of bushes ; 
after remaining there a few weeks the young hatch out, drop 
to the ground, and, as previously stated, disappear for nearly 
seventeen years, nearly the whole of which time is passed 
ill the larval state, the nymph -condition existing for only 
a few days. They feed on the roots of various trees; it has 
been said that they are injurious in this way, but other 
authorities maintain that they suck only a moist exudation 
from the roots. It is very diilicult to obtain information as to 
their strange, prolonged, subterranean life ; it said that the Insects 
soiribtimcs penetrate to a great depth — ten feet, even twenty feet 
are mentioned ; — and as great changes may take place on the surface 
during their long lives, these Insect Rip Van Winkles some- 
times emerge in very strange conditions, and may appear even in 
deep cellars. When the pupa comes to the surface it hooks 
itself on to the stem of some plant or other object, the skin of 
the Imck splits, and the Cicada emerges. Among the inexplicable 
peculiarities of this Insect must be mentioned the fact that when 
emerging it sometimes constructs chimneys, or flues, extending 
several inches above the surface of the ground. The reason for 
this is mucli disputed; it was said that they are for refuge 
against inundations, but this appears to be very doubtful. Certain 
of the broods consist of an almost inailculable number of indi- 
viduals, and it is very strange to hear woods, or other localities, 
that have been for many ycai*s free from these Insects, all at 
once resounding with their noisy song. The seventeen-year 
Cicada is considered to be . doomed to a speedy extinction ; the 
extension of cultivation and building, and the introduction to 
America of the English sparrow, are likely to prove too much 
for the Insect. 

Although Hemiptera are classified by many among the 
^Ametabola or Insects without metamorphosis, it is impossible 
to deny that the Cieadidae exhibit a considerable amount of 
metamorphosis, and they are usually mentioned as exceptional. 
.The yoiftig (Vig. 280, A) is totally unlike the adult in form 
and colour, and maintains, to a certain extent, its existence 
by the aid of a different set of implements. The larva of the 
Cicada is colourless, with an integument of very feeble consistence, 
rather large antennad) and a remarkable pair of fossorial legs ; 
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tKe wings are totally wanting. The mode of passage from the 
larval to the pupal state has not been recorded. The pupa, or nymph, 
differs irpm the larva by its much shorter, compressed form ; by 
,being encased in a remarkably hard shell ; and by the antennae 
approximating in form to those of the adult. It has short wing- 
pads at the sides of the body; the front legs are remarkably 
powerful, and the creature is capable of moving about ; the imago 
escapes from the pupa by the splitting dorsally of the middle of 
the thoracic segmenta The empty pupa-skin does not shrivel,, 
but retains its form, and in countries where Cicadas occur, fre- 
quently attracts attention by the strange form it presents, being 
often placed in a conspicuous position. 

Song. — Cicadas are the most noisy of the Insect world; the 
shrilling of grasshoppers and even of crickets being insignificant 
in comparison with the voice of Cicada. I^arwin heard them 
in South America when the BeaijU was anchored a quarter 
of a mile from the shore ; and Tpmpanoteiyes f/iyas, from the 
saine region, is said to niake a noise equal to the whistle of a 
locomotive.^ A curious difference of opinion prevails as to 
whether their song is agreeable or not ; in some countries they 
are kept in cages, while in others they are considered a nuisance. 
The Greeks are said to have decided in favom of their per- 
formances, the Latins against them. Only the males sing, the 
females being completely dumb ; this has given rise to a saying 
by a Greek poet (so often repeated that it bids fair to become 
immortal) ** Happy the Cicadas’ lives, for they all have voice- 
less wives.” ^ The vrriter considers the songs of the European 
species he has heard far from unpleasant, but he is an entomologist, 
and therefore favourably prepossessed ; and he admits that 
Biley’s description of the performances of the seventeen-year 
Cicada is far from a satisfactory testimonial to the good taste of 
that luseot ; Biley says, ** The general noise, on approaching the 
infested woods, is a combination of that of a distent threshing-^ 
machine and a distent frog-pond. That which they make when 
distiurbed, mimics a nest of young snakes or young birds under 
similar circumstances — a sort of scream. They can als6‘ produce 

^ Some entomologists consider that this “ railway-whistle " note is the result 
of the combined efforts of several individuals. Cf. Mathew, jBhU, Mag, xi. 1875, 
p.176. 

^ It is unnecessary to say that the poet was not Saiiiiho, but one of the baser sex, 
named Xenarchus. . ' . 
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a chirp somewhat like that of a mcket and a very loud, shrill 
^reech prolonged for fifteen twenty seconds, and gradually 
increasing in force and then d^reasing.” The object, or use of 
the noise is very doubtful; it is said that it attracts the 
females to the males. “ I)e giistibus non est disputandum ! ” per- 
haps, however, there may be some tender notes that we fail to 
perceive ; and it may be that the absence of any definite organs 
of hearing reduces the result of a steam-engine whistle to the 
equivalent of an agreeable whisper. No special auditory organs 
have been detected ^ as wo have already intimated ; and certain 
naturalists, amongst whom we may mention Giard, think that 
the* Insects do not hear in our sense of the word, but feel 
rhythmical vibrations ; it is also recorded that though very shy 
the Insects may be induced to approach any one who will stand 
still and clap his hands — in good measure — within the range of 
their sensibilities. There is a good deal of support to the idea 
that the males sing in rivalry. 

Vocal structures. — Although we may not be able to pro- 
nounce a final opinion as to the value to the Insect of the sounds, 
yet we cannot withhold our admiration from the structures from 
which they proceed. These are indeed so complex that they 
must be ranked as amongst the most remarkable voice-organs in 
the animal kingdom. They are totally different from the 
stridulating organs that are found in many other Insects, and are 
indeed quite peculiar to the Cicadidae. Some difference of 
opinion has existed as to the manner in which the structures 
act, but the account given by Carlet, some of whoso figures we 
reproduce, will, we believe, be found to be essentially correct. The 
structures are partly thoracic and partly abdominal. On ex- 
amining a male Cicada there will be seen on the under surface 
two plates — ^the opercula — usually meeting in the middle line of 
the body and overlapping the l^se of the abdomen to a greater 
.or less extent according to the species, sometimes nearly covering 
this part of the body ; these are enlai^meiits of the metathoracic 
epimera; they can be slightly moved away from the abdomen, 
and, as ^he latter part is capable of a still greater extent of 
movement, a wide fissure may be produced, displaying the complex 

^ Sainton claims that one of the membnnes in the vocal apparatus is an auditory 
organ ; if so, the male would be deafened by his own noise, while the females, not 
possessing the organ, should not hear the song. 
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stnictiires. In order to see the parts it is better to cut away 
an operculum ; underneath it three membranes can be seen, an 
external, the timbal ; an anterior, the folded or soft membrane ; 
and a posterior, the mirror. This last is a most beautiful object, 
tensely stretched and pellucid, yet reflecting light so as to be 
of varied colours; there are also three stigmata, and sope 
chambers connected with tlie apparatus. The sound is primarily 
produced by the vibrations of the timbal, to which a muscle is 
attached ; the other membranes are probably also thrown into a 
condition of vibration, and the whole skeleton of the Insect helps 
to increase or modify the sound, which is probably also influenced 



Fio. 281. — ^Musical apparatus of Cicada plAda, (After Carlat) A, Ventral view (Oper- 
culum on right side is removed) ; ap^ apophysis ; c, cavern ; c, trochantiii (chevillc 
of R^umur) ; eui, ]iart of internal skeleton of abdomen ; 7ni, specular membrane ; 
m.pl, soft or folded memliraiie; F, base of leg; af, stigmata; drum 

** timbale'' ; operculum ; la, first, 2a, second abdominal segment : B, same seen 
laterally, portion of abdominal wall as well as operculum removed ; a, point of 
insertion of hind wing ; Mea, iiiesothorax ; sc, scutum of iiietathoraz ; So, third 
aMondiial segment ; rest as in A 

by the position of the opercula. The stigmata pi'obably play an 
important part by regulating the tension of the air in the 
chambers. In the female some of the structures are present in 
a rudimentary form, but tliere are no muscles, and this sex 
appears to be really quite voiceless. 

Fam. 2. Fulgoridae. — Ocelli two {rardy three, or erUirdy 
obsolete), •plcuced beneath the eyes or near the eyes, usually in 
canities of the cheehs, antennae plojced beneath the eyes, very variable 
in form; usually of two joints terminated by a very fine hair, 
the second joint with a •peculiar texture of the surface, owing to the 
existence of sensitive structures (Hansen). Form of head very 
diverse; vertex and face forming either a continuous curve, or the 
planes of the vertex and face forming an acute angle, or both pro^ 
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loniged so as to form a projection or growth that may he monstrous. 
Prothorax Tieither armed nor unusually developed. 

I^his family is of large exteiit, and includes at present so great 
a variety of forms that it is really almost impossible to frame a 
definition that will apply to all The unusual situation of the 
ocelli and the peculiar second joint of the antennae must at 
present be taken as the best diagnostic characters : occasionally a 
third ocellus is present. Some of the Fulgoridae are amongst the 
largest Insects, others are quite small. The family includes tlie 
so-called Lantern-fiies, in which the front of the head forms a huge 
misshapen proboscis that was formerly believed to be luminoua 



Fio. 2%%.^F\dQwa canddaria. x 1. China. 


Many of the species are of brilliant or beautiful coloration. A 
great many — and of very different kinds — ^liave the curious power 
of excreting large quantities of a white, fiocculent W'^ax. This is 
exhibited by our little British Insects of the genus Ciosius, and in 
some of the exotic forms is carried to an extent that becomes a 
biological puzzle. The Tropical American genus Phenax may be 
cited as an example ; being about an inch long it flies about with 
a large mass of this waxy substance twice as long as itself; 
indeed, in the Mexican P. auricoma, the waxy processes are four 
or five inches long. This wax forms a favourite food of certain 
kihds of Jjepidoptera, and two or three larvae of a maggot-like 
nature finay frequently be found concealed in the wax of the live 
Fulgorids; this has been recorded by Westwood as occurring 
in India; and Champion has observed it in the New World.^ 
^ P. Soc. Landmh, 1883, p. 20. 
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The wax of Fulgorids is used by the Chinese for candles and 
other piuqposes ; and this white Insect-wax is said to be much 
esteemed in India. Very curious chemical substances have been* 
obtained from it, but its importance in the economy of the 
Insects that produce it is quite obscure. We have about seventy 
species of Fulgoridae in Britain. They belong to the sub-families 
Tettigometrides, Issides, Gixiides, and Delphacides, which by 
many authors are treated as separate families. The exotic sub- 
family Flatides is highly peculiar. In some of its members the 
head is very different from that of the ordinary forms, being 
narrow, and the vertex and front forming a continuous curve. 
Some of these Insects are remarkably like butterflies or moths 
{e.g, the African Ityraea nigrodneta and the species of the genus 
Pochazia\ but the young are totally unlike the old, the posterior 
part of the body bearing a large bush of curled, waxy projections, 
several times the size of the rest of the body. 

Fam. 3. Membracidae. — Prothorax prolonged bctchvarda into 
a hood or processes of diverse forms ; antennae inserted in front of 
the eyes; ocdli two^plouced between the two eyes. — This family is of 



Fio. 283.— A, B, JletmmotHa trinodoaus. A, Male seen from above ; B, profile of 
female ; a, terminal part of pronotum ; d, terminal part of abdomen : 0, front 
view of head and pronotum of Cyphania davata. Both species from Central 
America. (From BkL GMr. Amer. Rkywih. Hemopt. II.) 

large extent but its members are chiefly tropical, and are specially 
abundant in America. Although not of large size the Membraci<]^ 
are unsurpassed for the variety and grotesqueness of thfii^shapes, 
due to tlie unusual development of the pronotum. We figure two 
of these forms (Fig. 283).^ Very little is known about their 

^ A considerable variety of these extraoxdiuuy creatures are figured in JMb2. 
Centr. Amer. Jthyneh. Homopt. ii. ^ 
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habits and life-histories. We have only two species of the family 
in Britain, and these do not afford any ground for supposing that 
there are any peculiarities in their lives at all commensurate 
with the oddness of the Insect’s structures. Belt has recorded 
the fact that in Nicaragua the larvae of certain Homoptera were 
assiduously attended by ants for the sake of a sweet juice 
excreted by the bugs, but it is by no means clear that these laiwae 
were really those of Membracidae. In North America Cerem 
b'tihdJ.uB and C, taurina place their eggs in an extremely neat 
manner in the woody twigs of trees. The young have but little 
resemblance to the adults, the great thoracic hood being absent, • 
while on the back there is on each segment a pair of long, sub-, 
erect processes having fringed, or minutely spiny, margins.^ 

Fam. 4. Oercopidae. — Ocelli two {pccaMonally ahsent) placed 
on the vertex; antennae plaeed between the eyes. Thorax mt 
pecidiwtiy formed, — In the characteristic forms of this family 
the front of the vertex bears a suture, touched on each side 
hy one at right angles to it, or converging to it so as to form a 
triangle or a -sort of embrasure ; the hind tibiae have only one to 
thi'ee strong spines. The Gercopidae are much less extraordinary 
than many of the previously considered families; But some of 
them have the habit of secreting a large quantity of fluid ; and 
when in the immature stages, certain of them have the art of 
emitting the liquid in the form of bubbles which acscumulate 
round the Insect and conceal it. These accum^ations of fluid 
are called cuckoo-spits or frog-spits ; and the perfect Insects are 
known as frog-hoppers, their power of leaping being very great. 
The most abundant of the frog-hoppers in our gardens is 
Philaenus spnmarivA, a little Insect of about a quarter of an inch 
long, obscurely coloured, with more or less definite pale spots ; 
it is so variable in colour that it has received scores of names. 
Some of the Insects do not use their fluid in this manner, but 
eject it in the form of drops, and sometimes cast them to a con- 
siderable distance. The phenomena known as weeping-trees are 
due to Gercopidae; some of the species make such copious exuda- 
tions uf this kind that the drops have been compared to a shower 
of rain. In Madagascar it is said that Ptyelus goudoti exudes 
so much fluid that five or six dozen larvae would about fill a 

1 Riley, P, ent, Soe, WadUngtoUf iii. 1895, p. 88. For the younger stages of 
Mendnueisfoliata^ sec Tijdsct9, Ent, (2) iv. 1869, pi. viii. 
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quart vessel in an hour and a half. The frog-spit is considered 
by some naturalists to be a protective device ; the larvae are, 
however, a favourite food with certain Hymenoptera, which pick 
out the larv^ from the spits and cany them off to be used as 
stores of provision for their larvae. In Ceylon the larva of 
Machaevota guttigern constructs tubes fixed to the twigs of the 
tulip-tree, and fi-om the tube water is exuded drop by drop. 
According to Westwood, this Insect is intermediate between 
Cercopidae and Membracidae.^ 

Fam. 6. Jassidae. — Ocelli two, placed just on (he front 
margin of the head {almost in a line with the front of the eyes 
or more to the froyit) or on the deflexed frons. Rind tibiae 
HHuallg with many spines. This vaguely limited family includes 
a very large number of small or minute Insects, usually of narrow, 
parallel fomi, and frequently excessively delicate and fragile. 
They arc often mentioned under the name of Cicadellinae. 
Ashmead distinguishes two families, Bythoscopidae, in which the 
ocelli are clearly on the frons or front, and Jassidae, in which 
they are on the upper edge thereof. Ulopa, Ledra, and a few 
other exceptional forms, arc also by many distinguished as 
representatives of distinct families. Vcjry little is sictually known 
as to the life-histories of these small and fragile Insects, but it is 
believed that the eggs are usually deposited in the leaves or 
stems of plants, and more luirticularly of grasses. In North 
America the development of Deltoecphalus inimicus, from hatching 
to assumption of the adult form, has Injeii observed by Webster 
to occupy about six weeks. As Jassidae are numerous both in 
species and individuals it is l)elieved that they consume a con- 
siderable part of the vegetation of pastures. Osborn has 
calculated that on an acre of pasture there exist, as a rule, about 
one million of these hoppers, and he considers they obtain (juite 
as large a share of the food as the Vertebrates feeding with 
them. 

Fam. 6. Psyllidaa. — Minute Insects with wings usually 
transparent, placed in a roof I, ike manner over the body ; urith three 
ocelli, and rather long, thin antennae of eight to ten joinds, Tarsi 
twO“jointed, — These small Insects have been studied chiefly in 
Europe and North America, very little infonnatioii having yet 
been obtained as to the exotic forms. They are about the 
’ Tr, ent. Soe. London, 1886, 329. 
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size of Aphidae, but in form and general appearance remind 
one rather of Gica- 
didae. The wings 
ara in many cases 
even more perfectly 
transparent than 
they are in many 
Cicadidae. They are 
sometimes called 
springing plant-lice, 
as their habit of 
jumbling * distin- 
guishes tliem from 
the Aphidae. Lchv 
has called attention 
to the I’emarkable 
variation in colour 
they present iu con- 
formity witli either 
the age of the indi- 
vidual, the food- 
plant, the climate, Fig. 284.— 
and, more, particu- 
larly, the season of 
the year.' Reaumur long since pointed out that at their eedyses 
these Insects go through a remarkable series of changes of colour, 
and Low found that this did not take place iu the normal 
manner in the winter generation that hibernates. This has 
been confirmed by Slingerland in North America in the case 
of Psylla pyricolal^ which has been introduced there. He finds 
that tliere am several generations iu the year, and that the 
hibernating adults differ from the summer adults in size, being 
nearly one-third larger; in their much darker colouring; and 
especially in the coloration of the front wings. 

Tn the earlier stages, Psyllidae differ greatly in appearance from 
the adult^brms ; the legs and antennae in the newly hatched lar^-ae 
are short, and have a less number of joints. In the nymph the 
shape is very peculiar, the large wing-pads standing out horizontally 



X 15. Europe. (After 
Heeger.) A, larva before first moult. B, larva after 
third moult. C, adult. 


1 Verh, s.-b. Ge$. Wit a, xxvi. 1876, p. 167. 

* Comdl Univ, Agrie, ea^^Aation Bulletin, 44, 1892, and Bull, 108, 1896. 
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from the sides of the body, so that the width of the creatiyre is about 
as great as the length. The period occupied by the developmeut 
apparently varies according to season. Witlaczil, who has given an 
account of many details of the anatomy and histology of various 
Psyllidae/ considers that there are four larval stages ; Heeger‘s 
account of Psylla suceiThcta is not quite clear on this point, and 
Sliiigerland indicates a stage more than this, the perfect Inmt 
being disclosed as the result of a fifth moult ; it is probable that he is 
correct. In these earlier stages the body bears long hairs called 
wax-hairs ; according to Witlaczil in the young larvae of certain 
species — Trioza rhamni, e.g. — these are I>road and flat, so as to 
make the body appear studded with oval ])rocessesf he states 
that these hairs change their foran during the growth of the 
individual. Nothing is more remarkable in Psyllidae than the 
amount of matter they secrete or exude from their bodies; in 
some species tlie substance is a " honey- dew,” and the nympli 
may keep itself covered with a drop of it : in other cases it is 
solid, as shown in li^aumur’s figures of P, hrmi, where this exuda- 
tion forms a string several times longer than the Ixxly, and attached 
to it. Another form of exudation is a light downy or waxy 
matter. Slingerland says that honey-dew was exuded by P» 
pyricola in such quantities that it " literally rained from the trees 
upon the vegetation beneath ; in cultivating tlie orchard the back 
of the horse and the harness often became covered with the 
sticky substance dropping from the trees. It attracts thousands 
of ants, bees, and wasps, which feed upon it.” The writer last 
year observed in the New Forest a stunted sloe-bush, aljout which 
a large number of Bombi were busily occupied ; and examination 
showed that they were thrusting their proboscides into the curled 
and deformed leaves, in which were secreted nymphs of a Psylla 
exuding honey-dew. It must not be assumed that this honey- 
dew is the excrement of the Insect; this also is known, and is a 
different substance. Those who have tasted it say tliat :the 
honey-dew has a clean, good flavour. The source of the honw- 
dew IS not quite ^rtain, but it seems probable that it comes, like 
the ^lid matter figured by E^aumur, directly from the alimentary* 
canal, and not from hairs or pores on the body. PsylUdae give 

“rtain plants; sometSeg 
these Pallid galls are mere changes in form of a limited party or 

‘ ZHUchr. win. Zool. xUi. IS^pp. 66»-638. ^ 
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parts, of a giving rise either to crumpling or to growth of a^ 
portion in one direction only, so that on one siuface of the leaf 
a swelling is formed, and on the opposite side a more or less deep 
cavity in which the Insect dwells; A formation of this kind on 
the leaves of A^opodium podagraria is described by Thomas ' who 
states that the growth is due to the deposition of an egg of the 
J^sylla, and is independent of the after life of the Insect ; a fungus 
— Pmeinia aegopodii — forms similar structures on the leaves. 
Structures much more definite than this maybe the result of tlie 
attacks of Psyllidae; for an example the reader may refer to 
Beaumur’s account of Psylla huxi? In Australia and Tasmania 
there arq Psyllidae known as Laap or Lerp Insects, the products 
of which are called leaf-manna or iicrp, and are used as food. 
This manna is a scale produced by the young Insect on the leaves 
of JSucalgptus as a covering or protection. The scale is 
fastened to the leaf by a hinge, and is somewhat like the shell 
of a cockle. Although the scales are said to he in some coses 
objects of great beauty, very little is known about these Australian 
Psyllidae, one of which has, however, l>een referred by Schwarz 
to the genus Spondyliaspis, Signoret.* About 160 species of 
Psyllidae are known to occur in the Palaearctic region; and about 
fifty of them have been found in Britain.^ 

Fam. 7. Aphidae (Plantdwe or Qveen-fiy^ — Minute Insecte ; 
m usually met with destitute of wings, though many individuals 
have two pairs of transparent nnngs. AiUennae long, or moder- 
ately long, three- to seven-jointed; abdomen frequenUy with a pair 
of tubes (siphons), or short processes on the upper side of the fifth 
aMominal segment. Tarsi two-Jointed, first joint sometimes 
excessively short — ^These soft-skinned Insects are fi'equently called 
blight, and are so abundant in temperate climates that a garden, 
however smiill, is sure to afford abundance of specimens during 
the warm months of the year. This great abundance is due to 
peculiarities in the physiological processes that render these 
obscui'e little animals highly important creatures ; the individual 
' life for several generations is restricted to constant, or at any rate 
copious, ihibibition of food, accompanied by an almost uninterrupted 

1 ZeUschr. KtUurw. (2) xii. 1875, p. 438. 

° R4amiiur, JfAn. iii. 1787, DiaeUnu Mimoire. 

’ P. ent. Boe^lVaihinffion, iv. 1897, p. 66 . 

^ Fior liat tee Scott, JM, Mag. xviii. 1882, p. 268. 
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production of young by parthenogenetic females, the young so 
produced becoming rapidly (sometimes in the course of eight or 
ten days, but more usually in about twenty days) themselves 
devoted to a similar process ; so that in the comparatively short 
period of a few months the progeny resulting fi-om a single 
individual is almost innumerable. This remarkable state of 
affairs is accompanied by other peculiarities of physiology, with 
the result that the life-histories of successive generations become 
very diverse, and complex cycles of series of generations differing 
more or less from one another are passed through, the species 
finally returning to bi-sexual reproduction, and thus inaugurat- 
ing another cycle of generations. The surprising uatui^ oi 
these facts has in the last 150 years caused an immense 
amount of discussion, but no satisfactory light 1ms yet been 
thrown on the conditions that really give rise to the exceptional 
phenomena. These ^dienomena are (1) parthenogenesis; (2) 
oviparous and .viviparous reproduction ; (o) the production of 
generations of individuals in which tlio sexes ai’e very unequally 
represented, males being frecpiently entirely absent ; (4) the pro- 
duction of individuals differing as to the acquirement of wings, 
some remaining entirely apterous, while others go on to the 
winged form; (5) the production of individuals of the same sex 
with different sexual organs, and distinctions in tlie very early 
(but not the earliest) stages of the formation of the individual ; 
(6) differences in the life-haHts of successive generations; (7) 
differences in the habits of individuals of one generation, giving 
rise to the phenomenon of parallel series. All these pheiiomenii 
may occur in the ease of a single species, though in a very 
variable extent. 

The simple form of Aphid life may be described as follows : — 
eggs are laid in the autumn, and hatch in the spring, giving 
rise to females of an imperfect character having no wings ; these 
produce living young parthenogenetically, and this process may be 
repeated for a few or for many generations, and there may be in 
these generations a greater or less number of winged individuals, 
and perhaps a few males.^ After a time when teiiipeititure falls, 

* Tliero in some doubt on this {Mint, as tho earlier observers seem to have aiippoeeci 
that a winged individual appearing in a generation chiefly ajiterons was yheto, 
a male ; it seems, however, to be certain that perfe^g winged males appear in eomo' 
sijecioB in generations producing no {lerfcct sexual females. S(ieaking geneifUy, 
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or when the supply of food is less in quantity, or after a period 
of deliberate abstention from food, sexual individuals are pro- 
duced and fertilised eggs are laid which hatch in the spring, and 
the phenomena are repeated. In^'bther cases these phenomena 
are added to or rendered more complicated by the intercalated 
parthenogenetic generationsexhibiting well-marked metamorphosis, 
of kinds such as occur in apterous or in winged Inserts ; while 
again the habits of successive generations may differ greatly, the 
individuals of some generations dwelling in galls, while those of 
other generations, live underground on roots. 

Parthenogenesis. — Beturning to the various kinds of 
peculiarities we have enumerated on the preceding page, w*e may 
remark that the phenomena of parthenogenesis have 1)een 
thoroughly established as oticurriug in Aphidae since Bonnet dis- 
covered the fact 150 years ago; and though they have not been 
investigated in much dettiil it is known that the parthenogenesis 
is usually accom[>iiuied by the prcxluction of young all of the 
female sex. In other cases males arc parthenogenetfcally produced ; 
but whether these males come from a female that produces only 
that sex is not yet, so far as the writer knows, established. A 
note by Lichtenstein ^ suggests that usually only one sex is pro- 
duced by a parthenogenetic female, but that both sexes are some- 
times HO produced. There is not at present any sj^ecies of Aphid 
known to l)e perpetuated by an uninterrupted series of pirtheno- 
genetic generations. It was formerly supposed that there are no 
males at all in Chermes, but, as we shall subsequently show, this 
was erroneous. It has, however, been observed that a series of 
such generations may be continued without interruption for a 
period of four years, and we have no reason to suppose that even 
this could not be much exceeded under favourable conditions. 
The parthenogenetic young may be produced either viviparously 
or oviparously, according to species. 

OviparouB and yiviparona reproduction. — The distinction 
between these two processes has been extensively discussed, some 
naturalists maintaining that they ai'e thoroughly distinct ab 
initio. Cilia view, however, cannot be sustained. The best 

the course of events seems to be that in summer there exist only wingless and 
winged partlionogonetio females, and that the sexually perfect forms ap|iear for the 
first time in autumn. 

^ Mitt, Schweiz, ent, Oe$, iv. 1876, 529. 
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authorities are agreed that in the earliest processes of individual- , 
isation the ovum, and the psemiovum^ giving rise to a viviparous 
rindividual, are indistinguishable, Leydig, Huxley, Balbiaiii, and 
Lemoine are agreed as to this. Nevertheless, differences in the 
development occur extremely early. The nature of these differ- 
ences may be briefly described by saying that in the viviparous 
forms the embryonic development sets in before the formation of 
the egg is properly completed. Balbiani says, " In fact at this 
moment [when the viviparous development is commencing] the 
germ [pseudovum] is iar from having obtained .the development 
it is capable of, and from having accumulated all the matter 
necessary for the increase of the embryo, so that the evokftioii 
of the former coincides, so to speak, with that of the latter. On 
, the other hand, in the true ovum the two processes are chrono- 
logically separate, for the rudiment of the new individual never 
app^rs before the egg has completed the growth of its constituent 
parts.” ^ As regards the difierence in structure of the organs of 
viviparously and oviparously producing individuals, it is suflicient 
to remark that they are not of great importance, being apparently 
confined to certain parts remaining rudimentary in the former. 
Leydig, indeed, found an Aphis in which certain of the egg-tubes 
contained eggs in various stages of development, and others 
embryos in all stages.^ 

As regards the physiology of production of winged and wing- 
less individuals there has b^n but little exact inquiry. Vast 
numbers of individuals may be produced wfthout any winged 
forms occurring, while on the other hand these, latter are occa- 
sionally so abundant as to float about in swarms that darlmn 
the air ; the two forms are probably, however, detennined by the 
supply of food. The winged forms are less prolific than the 
apterous forms ; and Forbes has noticed in Aphis maidi-radicis, 
where the generations consist partly of apterous and partly of 
winged individuals, that when the corn begins to flag in conse- 
quence of the attacks of the Aphis^ then the proportion of 

' The term pseudovum is applied, os a matter of convenience, to the mlier condi- 
tion of the viviparously- produced form, and the term pseudovaiium to the ovary 
producing it. . 

> Balbiani, Ann, Sei, Nai, Zool, (5) xi. 1869, p. 29. For concise recent re- 
marks on the early embryonic states, see Lemoine, Bull, Soe, enl, FranUji ISINI, 
p. Ixxxix. * • ! 

* Acta Ac, Oerman, xxxiii. 1809, No. 2, p. 81. * 
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winged individuals becomes large.^ The appearance of winged 
iiidividi^ls is frequently accompanied by a peculiar change of 
habit ; the winged individuals migrating to another plant, which 
in many cases is of a totally di^felent botanical nature from that 
on which the apterous bro^ were reared : for instance Aphis 
after producing several apterous generations on apple, gives 
rise to winged individuals that migrate to the stems of corn or 
grass, and feeding thereon commence another cycle of generations. 
The study of this sort of Aphis-migration' is chiefly modem, but 
many very curious facts have already been brought to light; 
thus Drepanosiphum platamides, after producing a certain number 
of viviparous generations on maple quits this food-plant for 

another, but after two or three months returns again to the 
maple, and produces sexual young that lay eggs.^ Histories such 
as this are rather common. Even more interesting are the cases 
of those species that, after some weeks of physiological activity 
on a plant, pass into a state of repose on the same plant, and 
then after some weeks produce sexual young. ()n the whole, it 
livopld appear that the appearance of winged fomis is a con- 
comitant of dex;reasing nutrition. It is a very i*emarkable fact 
that the sexually perfect females are invariably apterous, and this 
is frequently also the case with the males. It is also highly 
remarkable that the sexually perfect individuals are of com- 
paratively small size. There are at least three kinds of males 
in Aphidae — 1, winged males ; 2, wingless males with mouth 
well developed; 3, wingless small males with mouth absent. 
As regards some of these points the conditions usual in Insect . 
life are reversed.® Huxley inclined to treat all these products of 
n fertilised egg, that are antecedent to another process of gaino- 
genesis (i,e, production with fertilisation), as one zoological indi- . 
vidual : in < that case the Aphis zoological individual is winged 
before attaining the mature state, and is wingless and smaller 
' when mature. Some species may have as a rule two, others 
three, winged generations in a year. 

Parallel aeries. — In certain cases individuals of one genera- 
tion assume different habits, and so set up the phenomenon 

< Sew/wUmth Aep. Jnuets Illin^nSf 1891, p. 66. 

^ Kessler, Ac. Qtmwn, li. 1887, pp. 159, 153. 

' * In connection with this the absence of a functional mouth in the imago state 

of numerous Lepidopiera, au9 of Oestrid Diptera, should not be forgotten. 
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known as parallel series. This has been recently investigated in 
the genus Ghermea by Blochmann, Dreyfus, and Cholodkovsky. 
This latter savant informs us ' that a wingless parthenogenetic 
female of Chermes hibernates on a fir-tree — Picea exceisa — and 
in the spring lays numerous eggs ; these hatch, and by the effecto 
of suction of the Chermea on tlie yoimg shoots, galls are formed 

(Fig. 286), in which the Insects are 
found in large numbers ; when they 
have grown the galls open, and allow- 
ing the Insects to escape these moult 
and become winged females. They 
now take on difierent habits*; some of 
them remain on the Picea, lay their 
eggs thereon, and out of these there 
are producc^d young that grow iiito 
hibernating females, which next spring 
produce galls as their grandmothers 
did ; but another portion migrates to 
the Larch (Larix); here eggs are laid, 
from which proceed wingless partheno- 
genetic females, that hibernate on their 
new or secondary plant, and in the 
following spring lay their eggs and 
give rise to a dimoi*pliic generation, 
part of them becoming nymphs and 
going 011 to the winged condition, 
while the other part remain wingless and lay eggs, that give rise 
to yet another wingless generation ; in fact, a ^cond pair of parallel 
series is formed on the new plant, of which one is wingless, and 
exclusively pirthcnogenetic, and continues to live in this fashion 
for an indefinite perioil on the secondary plant, while the other 
part becomes winged ; these latter are called sexuimrous, and go 
back to the Picea, and there lay eggs, tluit give rise to the 
sexual forms. If we would summarise these facts with a view 
to remembering them, we may say that a migration of a part of 
a generation from the Picea was made with a view of ptxxlucing 
a sexual generation, but that only a jiortioii of the migrants suc- 
ceeded in effecting the object of the migration, and this only in 
their third generation. Thus portions, remained on the Picea, . 

’ ^ //orae Sw, vtd, Rou, xxiv. ISsff. p. 886. 



Fig. 285. — Clt^nea itbietia ; hilier- 
uatiog female or ** winter- 
mother.” Europe. Mach mag- 
nified. (After Cholodkoveky.) 
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producing unisexual (female) individuals, and a portion of those 
that emigrated to the Larix remained thereon, pi-oducing also uni- 
sexual (female) individuals, while the others returned to the Picea 
and produced a sexual generation. How long the production of 
the unisexual generations may continue has not been determined. 

Phylloxera. — The Phylloxera, that has caused such an enor- 
mous amount of damage in the Old World during the last thirty 
years, is a small Aphid that was introduced from North America 
into Europe. In North America it is not so injurious as it is 
in Europe, owing, no doubt, to slight distinctions in the condi- 
tions of life in tlie two hemispheres, as one of which may be 
meittioned that in Europe a larger proportion of the individuals 
produced appear to confine themselves to feeding on the roots, P. 
vcistatrix being one of the species that lives both in galls oil 
leaves, and underground on the roots. The species is one that 
exhibits in their most complex form the peculiar phenomena of 
Aphid life we have already mentioned. It has probably only 
one congener, Phylloxera qtiercm, and of this Lichtenstein says 
that in its cycle, from the starting-point of the winter-egg to 
the assumption of the sexual condition, 
it exhibits a series of no less than 
twenty-one forma.' The life of Phyl- 
loxera vastatrix apparently differs essen- 
tially from what we have described in 
Chermes, inasmuch as the migrations are 
only between leaf and root of the same 
plant — the vine — and not from one 
species of plant to another. Some autho- 
rities treat Phylloxera and Chermes as a 
separate family under the name of Phyl- 
loxeridae. 

Qalh. — Like Phylloxera, many species 
of Aphidae live partially, others wholly, 286 .— Gall, or false cone 

in galls that are produced by plants as The small figure, 

the result of one or more Aphids inter- to the left, is a section mi^e 

- . 11 .. % . « .1 1 . at the level indicated by 

fenng with a delicate ^rt of the plant the pointing line a, and 

when it is in a young and growing shows the chambers contain- 
state. The usual position of Aphid galls 

is on a leaf or leaf-stalk. But in the case of the genus Chermes, 
^ JSnt. Zeiti Stettin, xxxvi. 1875, p. 368. 
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a bud or some growing part of t^e spruce-fir is affected in such a , 
way that it gives rise to an object having externally the appear- 
ance of a little fir-cone, while inside it consists oiF chambers in which 
the Aphids resida The forms of Aphid-galls are very diverse, but 
this ij8 probably due to the plant rather than to the Insect, for the 
same species of Aphis may give rise to different forms of galls. 
S(kiumur thought that each Aphid-gall was due to a single indi- 
vidual that irritated the tissue of the plant, so that the latter 
grew up at the point of irritation and enclosed the Insect. 

A few points as to the anatomy of Aphids should be 
noticed. It is doubtful whether the antennae have ever really 
more than six joints, the apparent seventh joint being actually a 'Sort 
of appendage of the sixth. The rostrum is externally three-jointed, 
and is remarkable for the great diversity in its length, sometimes 
it is quite short, at others several times longer than the body 
(Fig. 285); the setae are often very much longer than the 
sheath ; in cases where this great length of rostrum exists, the 
individual may often be found with the tip firmly fixed in the 
1)ark, and, as it were, tethered by means of the rostrum, the 
length of which allows, nevertheless, considerable locomotion. 
Suction is perfonned by contractions of the pharynx. There 
has been much difference of opinion as to whether there is a 
salivary syringe, and Witlaczil failed to find it. Krassilstschik is, 
however, positive that it exists,^ and that it is analogous to that 
described by Mayer in l^rrkoeoHk, but there are great differences 
of structure between the two. It is very difiicult to determine 
the number of segments at the extremity of the body ; this is 
teniiinated dorsally by a median organ placed above the anus, 
and known as the cauda. llalbiani apparently considers that 
there are ten abdominal segments and the cauda. The alimentary 
canal lias a small stomacli, and an elongate intestine, the 
terminal division of which is capacious and remarkably long. 
Tliere are no Malpighian tubes ; according to Kowalevsky, their 
function is discharged by the posterior part of the Alimentai^ 
canal. There exists, however, a ixjculiar structure, the pseudo- 
vitellus, a sort of cellular, double string'; and Witlaczil, in liis 
valuable paper ^ on the anatomy of Aphldae, suggests that this 

^ Zool. Anz, XV. 1892, p. 220. 

• Arh. Ifut. fVien, iv. 1882, Heft iii. p. 397 ; see oii this organ also MordwilkOk 
£fool, Anz, xviii. 1895, p. 357. 
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orgati. may in some way replace the missing Malpighian tubes. 
Another ^ highly peculiar structure is the siphons, frequently 
called nectaries, honey-tubes, or siphuncles. They are situated 
on the dorsal aspect of the fifth abdominal segment, but exist 
only in certain of the sub-families ; they are of very difFeront 
lengths according to the species, and are capable of movement ; 
they open directly into the body cavity, though exceptional 
openings into the body cavity are extremely rare in Insecta 
They excrete a waxy matter, which first appears as oil-like 
globules. It was formerly supposed that they were the means 
of secreting the sugary matter, called honey-dew, so much prized, 
by ^nts and some other Insects ; but this is now ascertained 
,to be erroneous. This matter comes from the alimentary canal, 
and is secreted in large quantities by some species, Biisgen having 
observed that forty-eight drops, each about 1 mm. in diameter, 
were emitted by a single individual in twenty-four hours.^ Certain 
gall-dwelling Aphidae — Pemphigus, Chernies (Fig. 285), Schizo-- 
possess numerous wax glands ; these seedi to replace the 
siphons, and excrete the peculiar, whitish flocculent matter that 
is so conspicuous in some of these Aphids. 

Earlier anatomists failed to find any dorsal vessel, and it is 
consequently reported in books to be absent. It has been, how- 
ever, recently detected by Witlaczil, and Mordwilko states that 
it does not differ from that of other Insects. 

We have already alluded to the fact that the mode of repro-' 
ductioii of Aphids leads to an unrivalled increase. Tliis, however, 
is not due to the prolificness of the individual, which, in point of 
fact, appears to be considerably below the average in Insects, but 
rather to the rapidity with which the young begin to reproduce. 
This has been discussed by Huxley, Biickton, and others The 
first-named naturalist calculated that the produce of a single 
Ajihis would, in the course of ten generations, supposing all the 
individuals to survive, " contain more ponderable substance than 
five hundred millions of stout men ; that is, more than the whole 
population of China.” ^ It has since been contended that 
!Professo% Huxley’s calculation was much below the mark. 
Although it is son&ewhat difficult to make a calculation dealing 
adeqdately with the actual facts, yet it is clear that the increase 

y, • Biol, Ceviralhl, xi. 1891, p. 198. 

* See, inter aNn, WUbster, / New York eni, Soe. i. 1893, p. 119. 
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of Aphids is such that, drawing as they do .their nutriment 
directly from the plant in its growing state, in the course of 
two or three yeai*s there would be no nutriment available for 
other animals, except such as might be derived from plants not 
attacked by Aphids. The numbers of Aphidae would be so gr^t , 
that they could not be expressed by ordinary numerical methods, 
and their increase would be actually limited only by the relations 
existing between different kinds of plants, and between plants 
and Aphids. This i^esult is avoided by the fact that Aphids are 
themselves the victims of a whole army of Insect enemies. They 
have the numerous members of a special group (Braconidae, 
Aphidiides) of miiiute Ilymenoptera to live inside their bodiesAjand 
many Aculeate Hymenoptera depend entirely on the Aphidae as 
the source of food for their own progeny. The T-ady-birds — 
Coccinellidae — live on Aphids and Coccids, and themselves in- 
crease to such an extent as to be in many years a conspicuous 
part of the Insect world. Crowds of the larvae of Hemerobiids 
and S3rrphids iire constantly engaged in spearing and sucking 
the Aphides. Hence the old naturalist Bonnet said that, just 
as we sow grain for our beiieiit. Nature has sown Aphids for the 
benefit of multitudes of different Insects. He might have added 
that these different Insects are for the benefit of man, it being 
clear that without them the population of the world must 
rapidly decrease. 

Ants treat Aphidae more intelligently than most other Insects 
do, for they do not destroy the helpless creatures, but utilise 
their products in the way man does those of the cows he keeps. 
The relations between ants and Aphids is itself an extensive 
chapter in Natural History ; many facts have been brought to 
light showing tliat the ants manage the Aphids in a prudent or 
intelligent manner, distributing them when too numerous in one 
place, keeping guard over them, even building shelters for them, 
and in some cases keeping them in direct association, by retaining 
the Aphids in their own dwellings. The further investigation of 
these points goes, the more it tends to raise the actions of the 
ants to the level we call in ourselves intelligent. It \i^9uld even 
appear that the ants are acquainted with the migrations of the 
Aphids from one species of plant to another^ Webster informing 
us that as the Aphis-population on an apple tree multiplied the 
ants in attendance anticipated their migi^fition to wheat and grass 




VIII 


ALKURODIDAE 


S9I 


o ^ 

by carrying them to those plants.^ We have nisarly 200 species 
of Aphidae in Britain,^ and there may j^erhaps be 800 known 
altogether. To what extent they may occur in the tropics is 
undetermined. There are said to be no native species in New 
Zealand. 

Fam. 8. Alenrodidae. — Minute Insects^ with four mealy wings, 
seven-jointed antennae, two-jointed feet, terminated hy two claws 
and a third process. These minute Insects are at present a source 
of considerable perplexity, owing to the curious nature of their 
metamorphosis, and 
the contradictory 
accounts ’given of 
them. In the earlier 
stages they t^re 
scale -like and qui- 
escent, being fixed 
to the under side of 
a leaf. The French 
authors Sigiioret and 
Girard state that the 
young are hatched 
having visible ap- 
pendages and seg- 
mentation, but that 
after they are 
attached to the leaf 
the organs gradu- 
ally suffer atrophy. 

Maskell states the Fiq. 287. — Instars of Aleurodea immaculata. Europe, 
opposite, Baying that 
the organs in the 

earliest stages are not usually recognisable, but become faintly 
visible with the growth of the Insect. Heeger states that 
the larva undergoes three eedyses, and he gives the figures 
we reproduce ; if he be correct it would appear that the 
nymph qpdergoes a great development. lieaumur, on account 
apparently of their great metamorphosis, treated the species 

^ J, New York EvU. Soe, i. 1893, p. 120. See also as to knowledge on the part 
of ants, Forbes, Eighteenth Insects Illinois, 1894, pp. 68, etc. 

* Monograph by Butikton,eRav Society, 4 vols. 1879-1888. 
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known to him fU9 being Lepidopt^rous, though he correetiy 
pointed out their distinctions. At present we can only con* 
elude that the Aleurbdidae undergo a metamorphosis of a kind 
peculiar to themselv^, and req^^ring renewed investigation. The 
family has been Monographed by Signoret, and more recently by , 
Maskell, who has increased the number of species to. about wxty.' 
We liave three or four in Britain, one of which, A. hrasswae, is 
extremely abundant on various kinds of cabbage in certain years. 

Fam. 9. Ooeddae {Scale * Insects, Mealy - hugs), — Insects, 
UiS;\ially minute, with only a single claw to the foot ; the male with 
one pair of wings, hut without mouth-parts; the female wingless 
aiid usually so degraded in form that most of the external organs 
and appendages cannot he distinguished. The form in which these 

Insects are most ^generally known 
is that of a small scale or shell-like 
body closely adhering to leaves, 
fruits, or bark. The scales are of 
the most varied form, so that no 
general description can be given of 
them. The scale may be defined 
as an accumulation of excreted 
matter, combined with the cast 
skin or skins of the Insect, cover- 
ing the body either totally or 
partially, and thus acting as a shield , 
Bubsequent devel- 

a female scale magnified. (After Opment takes place. All Coccidae. 

do not form scales ; but the habit of 
excreting a large quantity of peculiar matters to the outside of 
the body is universal ; this excreted substance is frequently whiter 
and of a powdery nature, and Coccids of this kind are known as 
mealy-bugs. In other cases the exudation is like shell or^loss, 
and the dreature may become quite encysted therein. In this way 
the forms of Cocidae known as "ground-pearls” are formed. When 
first hatched from the egg Coccidae are mite-like creatures, and it 
is only subsequently that the females lose the powe^ of loco^ 
motion. The 'females of numerous forms of Coccidae— -more 
particularly the mealy-bugs— do not lose the antenuaq and legs. 
There is also a group (Brachyscelides) of Coccids that live in 
^ Tr, JiTevf Zealand Inst, ^via, 1895. v. 
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galls. This highly aberrant group is, however, peculiar to 
Australia; elsewhere very few gall -making Coccida have been 
discovered. 

There are upwards of 800 species of Coccidae at present 
known.^ The family was monographed by Signoret about twenty- 
five years ago, and since then there has been 
very much matter concerning them published 
in a scattered manner.® No general work 
has been published on the British species, 
bjit Mr. Newstead is preparing one. The 
classification of Ins(3cts so minute as Coc- 
cidae, and* with such extreme difiereiice in 
the sexes, is, of coui'se, a matter of great 
difficulty ; the best divisions are those given 
by Green in his Coccidae of Ceylon? 

The fact tliat there is only one pair of 
wings in tlie perfect male Coccid would appear 
to ally these Insects with the Diptera ; these 
Coccidae have, too, like the Diptera, a small 
appendage on each side of the metathorax. 

Witlaczil shows that these little processes may 
really represent a pair of wings, inasmuch as 

they are developed from imperfect folds of 
, , . . .^ • 1 r ^ u ^4.1 289. — 

hypodermis, %,e. imaginal discs. Beyond these imigUpinua. Femaio 

facts and the occurrence in certain females 

leaf. (After Berlese.) 

(Margarodes) of a great liistolysis during the 
post-embryonic development, there is nothing to indicate any rela- 
tionship between Coccidae and Diptera. It has been shown by 
Biley that these little processes, in some forms, serve as hooks to 
attach or control the true wings, and this function is never assuiiied 
by the halteres of Diptera. Although Coccidae arc placed next 
Aphidae, yet the two families appear to be really very different. 
The modes of reproduction so peculiar in Aphidae reappear to a 
certain extent in Coccidae, but are associated with profound 

‘A catalogue of Coccidae has recently been published by Mr. T. D. A. Cockerell 
in Stiff. sBtioia LaJb. iv. 1896, pp. 818-889. 

* Siguoret’s papers are to be found in eighteen parts in Awn. Soc. ttU, Franct^ 

1868 to 1876 : the most considerable subsequent systematic ^lapers are those by 
Maskell in the of the New Zealand Inalitute from 1878 to the present 

time. 

* Coccidae of Ceyloti, pt. If 1896, p. 16. 
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di8tinctiQn& Though t^e viviparous method of reproduction 
and parthenogenesis occur in Coccidae, yet they are only ex- 
ceptional, and they are not put to the same uses by the s^ies 
' that exhibit the phenomena. Thus we have seen thet in Aphidae 
generations of imperfect individuals are produced with rapidity, 
while the individual is not directly very prolific. In Coccidae 
the reverse is the case — ^the generations are usually similar to 
one another ; they do not, as a rule, follow with rapidity, aiicl the 
female is usually very prolific, thousands of young being some- 
times produced by a single individual The extraordinary po^- 
morphism of the species of Aphidae is not exhibited by Coccidae, 
though, contrary to what we find in Aphidae, the ^males' and 
females are usually excessively different. The two families ap- 
parently also differ in tliat Coccidae are specially characteristic 
of warm climates, Aphidae of the temperate regions. 

Parthenogenesis. — Owing to the fact that^he males are very 
minute creatures, totally different from the females, and living 
but a very shoft time, they were but little known to the .earlier 
observers. It was therefore only natural to suppose that par- 
thenogenesis was very common. Of late years the males of a great 
many species have become known, so that ordinary sexual ropro- 
duction must be considered as the normal method in Coccidae, 
although, in the great majority of cases, the male is still unknown. 
It has, however, been shown iii numerous cases that parthenogenesis 
may occur even when Jiiales exist ; and there are some abundant 
species of which it has not been possible to find a mala In 
1887 Moniez^ announced that he had discovered *the male of 
Lecanium hesperidum (one of the notoriously parthenogenetic 
species) in an ovarian cul-de-sac in the body of the female,, and' 
he therefore considers that sexual reproduction occurs. He does 
not say how pairing takes place, and wc are not aware that his 
..observation has been confirmed. If correct it will be necessary 
to reconsider the whole question as to parthenogenesis in 
Coccidae. Apterous males are known in two or three species. 

The post-embryonic development of Coccidae is of the most 
unusual character. It is quite diffei'ent in the two sexLS, and in 
each of them it presents features not found elsewhere. It hips, 
however, as yet teen studied in only a few forms, and even in 
them is incompletely known. When hatched from,^ the 'egg 
* C. if. Ae. Sei, ParU, civ. 188)f; p. 449. * . 
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the young Coccids are all idmilar, male and female being indistin- 
guishable. A difference 
soon appears, with, the 
result that the male, after 
passing through more 
than one pupal condi- 
tion, appears as a winged 
Ins^t. The female never 
becomes winged, but, if 
we may judge from the 
incomplete accountswe at 
present possess, her de- 
velopment varies much 
according to species. In 
some she retains the legs, 
antennae, and mouth- 
organs ; in others she 
loses these parts, though 
retaining the original 
form in a general manner ; 

while in a third 290 , — Inotars of hcuctylopiuB cUri, (After Ber- 

garodes) she becomes en- lese.) A, Egg ; B, youug larva ; C, first male 

.1 1 ^ . 1 nymph ; D, second male nymph ; E, adult male ; 

Cysted, and apparently adult female. All C([ually iiiiiguified. X 20. 

suffers an almost com- 
plete histolysis, reappearing after a very long period (it is said 
it may be as much as seven years) in a considerably altered form. 
The post-embryonic development of Aspidiotm nerii has been 
studied by Schmidt ^ and Witlaczil,^ whose accounts agree except 
as to some points, such as the number of eedyses. The young, or 
larva, is hatched with fairly well-developed legs, antennae, and 
rostrum ; there is no external difference between the sexes. The 
larva selects some sjiot on the plant and drives its rostrum therein, 
thus becoming fixed ; moults occur, and the body excretes waxy 
matter from its sides in processes that fell together and form the 
shield; the female becomes much larger than the male. The 
degs ani¥ antennae of both sexes disappeiir, so that the power of 
movement is completely lost. The mouth-parts also atrophy. The 
female after this undergoes no further change, except that of 
growth in connection with ovarian development. The male, 

1 Arch, Naturgeaeh, li. i. 1Sb%, p. 169. ~ Zdtschr, iviss. Zool. xliii. 1886, p. l50. 
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however, continues development; notwithstanding the impossi* 
bility of taking food, owing to the absence of a mouth, it increases 
much in size, and the organs of the future perfect Insect 
commence to develop from imaginal discs in a manner similar to 
that which occurs in the Dipterous genus Corethra ; no mouth- 
parts are however developed, these being merely represented by 
spots of pigment, or rudimentary additional eyes. The wings 
are developed outside the l)ody. Difference of opinion prevails as 
to the nature of the instars between the young larva and the 
imago. It is clear, however, that Fig. 291, D, corresponds fairly 



Fia. 29l. — Development of male of Aspidiohta nerii. A, Newly liatchcd larva ; B, 
prae-pupal iiintar ; Ct pupa before ecclysis ; D, pupa Hhortly before the emergence 
of the imago : a, niitcnna ; e, eye ; /, wiug-rudiment ; /, leg ; o, basal part of 
mouth-orgaus. (After Schmidt.) Magnification not definitely stated. 

with the pupa of Insects with complete mctamorpliosis, and the 
instars shown in Fig. 291, B, (J, may therefore ])e looked on as 
equivalents of the resting-larva stage of ordinary Insects with 
complete metamorphosis. Witlaczil considers this developiiieiit 
to be a condition of incomplete, approaching very nearly to 
complete, metamoqihosis. The condition is perhaps more pre- 
cisely estimated if we recollect that winged Insects are divided 
into two series, in one of which the wings are developed outside 
the body ; in the other, inside the body. The Insects with very 
complete metamorphosis all belong to the second of Miese two 
series, while in the male Coccid we have the highest, form of 
metamorphosis attained by any of the first series. As I'egards 
the development of the female encysted nymph or pupa, 
previously alluded to as being found in the " ground-pearls " of 
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the genus Margarodes, we can at present offer the reader no 
satisfactory account.^ 

Products of Ooccidae. — Honey-dew secreted by Coccidae, 
but as a rule not so extensively as by Aphidae and some other 
Homoptera ; nevertheless, it is often sufficient to make the plants 
frequented by Coccids very sticky and unclean. Some species 
make a really extensive exudation of such matter. Bcaumur 
-records that a Coccid, which is doubtless Lemnium persicae, 
excretes a supply of lioney-dew that drips to the ground ; he says 
it tastes sweet and nice. The manna mentioned in the book of 
Exodus is j)retty certainly the honey-dew secreted by Coccus (now 
Oos9gparia) mannifera, which lives on Tamnrix in many places 
in tlie Mediterrune}!!! basin. This substance is still called by the 
Arabs "Man,” and is used as food; in its natural state it is a 
substance very like honey; it is doubtless excreted by the 
Coccm, and is not produced directly by the Tamarix as some 
have supposed. Waxy matters are produced by several Co(icidae. 
Ceroplastes cerl/erus, a Lecaniid, jjroduces wliite wax in India. 
Ceropliistes is a widely distributed genus, and various 8i)ecies of it 
liave been used for the purpose of producing wax in other parts 
of the world. The white wax of China is understood to be pro- 
duced by another I^icaniid, EHcerus pda ; but little is known as 
to this Insect ; it is said that the wax is produced by the winged 
males. The substance was formerly greatly prized in China, but 
is falling iiito disuse on account of the introduction of Kerosene. 
Lac is produced by Cartena loucea, a I^ecaniid living in India on 
Amna squamosa, as well os on species of Ficus, lihamnus and 
other trees ; the lac is the shelly scale produced by the Insect 
as a covering ; it is composed in larger part of resinous matter, 
with wliich there is mixed a cM)mparatively small quantity of wax 
and other substances. The body of this Insect also affords the 
red substance called lake. Yarious species of Kermes formerly 
afforded a red dye well known to the Greeks and Romans. These 
Insects live on Quercus coccifera in the Mediterranean region. A 
medicinal syrup is also obtained from them. Porphyroplio^'a 
polonicc^'o,^ used in North and Central Europe for tlie same pur- 
poses as Kermes; it is a Coccid living on the roots of Polygonum 
eocciferum . These European Insects were replaced ^commercially 

^ For Biimmary as to our uresent knowledge of this curious condition of Insect 
life, see Ma^et, Ann. Soc, *mt. France, 1896, p. 419. 
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after the discovery of America by the cochineal Insect, 
cacti, a Mexican Coccid feeding on a Cactus called Nopal 
(^OpuTitia coccinellifera). This Insect was subsequently introduced 
to the Eastern hemisphere, and was established with more or 
less success in a few spots on <;he borders of the Mediterranean.* 
In the Canary Islands it flourished on other species ot Cetctm, 
became acclimatised, and was the object of an extensive commerce. 
The colour in the case of all these Coccid dyes was obtained from* 
the bodies of the Insects, in the tissues of which it is contained. 
The dyes have now been largely displaced in commerce by the 
derivatives of Aniline. Axin is produced by the‘ Mexi^n Coccid 
Llaveia aocinnc ; this substance appears to be of a very peculiar 
nature ; it is apparently chiefly fatty, and contains a peculiar acid, 
axinic acid. Axin is used as an external medicinal application 
in various affections ; and it is also employed as a varnish ; it 
dries and hardens on exi) 0 sure to the air, and is said to be of 
considerable valuo.^ In our British genus Orthezia the body of 
the female is completely covered with a symmetricfil snow-white 
armour, from which project the pink legs and antennae. This is 
one of the forms in which the female preserves the legs to the 
end of her life. The objects called ground-peiirls, already alluded 
to, have long been known in various x>art8 of the world, and in 
the island of St. Vincent they are sufficiently large to be collected 
and strung for necklaces. These bodies are the encysted pupae 
of Coccids of the genus Margarodec; the cyst is said to be of 
chitiii. M. vitis commits serious ravages on the vines in Chili 
by sucking their roots, and it is prol)able that all the speciea are 
of subterranean habits ; this would partially explain the fact 
that very little is known about tlie history of these pearls, 
though naturalists have been acquainted with them for many 
years. 

The gall-making Coccids of the group Brochyscelides haVe 
only recently been at all investigated ; the galls they give rise 
to are sometimes about a foot in length, and there appear to be 
numei'ous species and several genera in Australia; they are 
especially abundant on Emalyptus and Acacias. The felftiales are 
highly remarkable from the variable conditions the legs assume, 
so that in some cases they may be described as biped Insects, the 

^ For additional information as to nseful Coccidac, nee Blanchard, Bull. Hoe. Zooh * 
France, viii. 1883, p. 217. * 
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hind legs remaining, though the othtfbs have atrophied.^ Very 
little indeed is known as to these Insects. One of the most 
peculiar points of their economy appears to be that the galls 
giving rise to males are different from^ those producing females. 

i 

Anoplnra or Lice. 

Small Insects with thin integ^ument ; entirely wingless, the 
three thoracic segments indistinctly separated ; the head 
heaHng in front a short tube furnished with hooks; from which 
ttihe there can he protruded another* very delicate sucking- 
tubs. Ffet terminated by a single long claw. The Aiioplura, 
Tediculidae, or lice are disgusting Insects about which but little 
is, known. The most contrary opinions have been expressed as 
to their mode of taking their nourishment, . which is, without 
excejition, the blood of Mammals ; on the bodies of which they 
pass the whole of their life. It is a most 
diflicult matter to examine their mouth ; 
the best information on tliis point is given 
by Schibdte and Graber, but though these 
two authorities agree, their results are very 
incomplete, find do not warrant us in ex- 
pressing a confident opinion as to the nature 
of the relationship between Hemiptera and 
Aiioplura — a question that has been for 
long a moot one. The short tube furnished 
with’ hooks in front (Fig. 293, d) is con- 
sidered to be the lower lip, and the tube 
inside is, it is suggested, a combination of 
the homologues of maxillae and mandi- 
bles ; there is also what may be a labrum 
(g) ; and inside the head a framework, at any rate analogous to 
if not homologous with, the parts of this kind we have descrU^ed 
as existing in Hemiptera. All the parts, with the exception of 
the basal tube or head of the beak, are of the most minute and 
delicattis nature, so that it is difficult to see their form or com- 
prehend their relatioqs. It is evident that they are very difiTerent 
anatomically from the mouth-parts of Hemiptera ; still there is 

^ RnbHaamcn's i«per on these Ineects give* feferences to most of the previous 
'literature, Berlin, eia, SSeUMhr, zzxix. 1894, 199. 
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Bufficient general reaemblante to warrant the belief that the parts 
in the two may ultimately be shown to bo also morphologically 
^ similar. If Meinert be correct, this 

view will, however, not prove to have 
U any foundation. He considers that 

y / morphologically the mouth of the louse 

has no similarity to tliat of the bug; 
the protrusible parts in the former he 
^ considers to be modifications of epi- 

•mjjgMm pharynx and hypopharynx ; and the 

rod-like structures to be liypopharyngeal 
Iftmellao ; and that they are thus totally 
Chitinous envelope into different from the setae of bugs.' He 
drown coiisidei-s Lico to be a distinct Order of 
With crown of Rpines ; g, insccts for whicli he proposcs the name 


labriiin ; A, delicate tube . i . 

protruded (very rarely seen ^5tpnuncUlata. 
in this state) ; m\ impaired Xhc aliine 
muscle. • 


muscle unpaired xhc alimentary canal and nervous 

• system resemble those of Mallophaga 

more than they do those of Hemiptera. Tlie oesophagus leads 
into a large stomach bilobed in front ; at the posterior extremity 
of this tlicre open the four Malpighian tubes, and behind these 
there is a well-marked small intestine. The nervous system 
consists of a cephalic ganglion and of three other closely approxi- 
mated ganglia, the posterior one the larger. It remains 
doubtful whether or not the first of these three ganglia is the 
infra-oesophageal one.‘^ 

The species of lice, so far as known, are not numerous, some 
six genera and about forty species being all that are recorded ; 
they occur on various kinds of mammals, including some that live 
in water. Seals have a genus, Echinophthirius, peculiar to them. 
Monkeys are specially liable to l)e affected by lice ; the genus 
that chiefly occurs on them is Pedkinas, a very distinct one, in 
which there are only three instead uf five joints to the antennae. 
Perhaps the most remarkable louse is Haematomyzun elephantis, 
that of the elephant ; it has a loi^ proboscis in front of the head. 
As a rule each species of louse is confined to one species of Mam- 
malia, or to very closely allied forms. Mau is said to be infested 

1 ErU. MeddeL iii. 1891, p. 82. 

* Of. Giaber, ZiUaehr, wiaa, Zool. zxii. 1872, p. 165, and Landoia in the aame 
Journal, ziv. 1864, p. 24. * 
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by three species, PeAUulus capitis, P. vestimenti and Phthirius 
inguinalis ; Meinert is of opinion that P. capitis and P. vestiracTiti 
are only one species, and Schibdte appears also to have thought 
this probable. Andrew Murray was of opinion that the heads 
of different varieties of men are infested by distinct varieties of 
P. capitis. His conclusion was chiefly based on examination of 
specimens preserved by Charles Darwin ; it requires confirmation. 
Very little is known as to the life-history of the louse. liCeuwen- 
hoek made himself the corpus vile for an experiment, from wliich 
he concluded that the Pediculus vestimenti is very prolific. That 
scientific^raen did not know whether the louse bites or sucks was 
formerly made the ground for a taunt. Schiodte has given an 
almost pleasing account of the way in which he settled this/ 
showing that the sucking action is beyond all doubt. Accounts 
of disease called Phthiriasis, attributed to lice, are to be found in 
many old books, but the evidence does not warrant us in believing 
anything more than that persons suffering from some disease, and 
in a neglected and filthy condition, were horriCly infested with 
these disgusting Insecta 

It is usual to say that Pcdiculidae arc Hemiptera degraded by 
a long exclusive persistence in parasitic habits. At present, 
however, this must be looked on as a pious opinion, rather than 
as an induction from our knowledge of their morphology and 
embryology ; for this is at present too imperfect to warrant any 
final conclusion. 

' Ann. uVat. History (S), xvii. 1866, p. 213. 


NOTE. 

Since the remarlts on the classification of Hymenoptcra were written Mr.' 
W. H. Ashniead has published several inii)ortant papers proposing a classi- 
fication to a considerable extent new. He adopts 10 superfamilies and 94 
families. His views are summarisefl in P. TL 8, Mus. xxiiL No. 1206, 1900 
I’astor Konow has also discussed this subject in Ent, Nachr, xxiiL 1897, ppt 
148-166. 
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Abdomen, of Chrysis^ 2 ; of Coleoptera; 
185 ; of Diptera, 446 ; of Hemiptera, 
538 ; of Ijepidoptera, 313 ; of Tliy- 
sanoptera, 628 
Abdominal legs, 9 
Abeille-perce-lmis, 33 
Abeille tapissiere, 51 
Ahiapa^ 77 

AmctaJishUom^ Is^etleH in, 213 

Acalyptrate Muscidw, 4^4 

AtaniMa^ 660 

Acanthiae, 544 

Acanthomeridae, 488 

AeaiUtwaonui grwenWf 546 

Acari, relations to Insects, 220, 223, 238, 580 

Aemtropiiiy 425 

Acephalous larvae, 449 

Achreioptero, 2VJ 

Acraeides, 360 

Aendium maroecanvm, 254 

Aeroeera gMntlvs^ 

Acroceridae, 489 
AetonyctOt 418 
Aetiaa luna^ 374 
Actiidae, 6i0 
Acutilin^es, SO 

Adapted excrement, 284, 284 , 38p 
Adelopa, 221 

Adensamer, on Aacodiptero}^ 520 
Adeplioga, 190, 200 f., S16, 234 
Adimeridae, 240 
Adimenia aetoaua, 241 
Adfon, on Fmnieoxanua, 160 ; on Tbmo^ 
gnaihv%, 161 
Adminiciila, 827 
A9du, 455 n. 

AegtriOj 887 
Aegerildae, 886 
AegiaUtidae, 265 
Aagoegrp tripaiiiUa, 4\\ ^ 

Amidua, 169, 179, 180' 


Aenigmatifta blatloitlea, 495 
AeolothHpa/aackiitt, 628 
Aciiophilidae, 559 
Ai^wa, 206 
Aerostatic setae, 40H 
Aerostats, 449 * 

Aganaidae, 408 
Agaristidae, 370, 371, 410 
Agdisteit, 426 
Agdistinae, 4^6 

Agenia oarbonmia, A. hyalipenma, 105 

Agertmia, 354 

Aglycyderea aetifer, 298 

Aglycyderidoe, 297 

Agromyzidae, 604 

Agntia, 415 ; A, aptna, 417 

Ahiiatle, 504 

Afaenu^ 360 

AfiJUfpo^ne, 179, 180 

Alar organs — see Wings, Elytra, Tegmina 
Alelia xyiituie, 416 

Aleurodea hraaaka^ 592 ; A . imwjacvlata, 

691 

Aleurodidae, 591 

AltteUa, : A, ladyihijctyla^ 426 
Alucitidtuf, 371, 426 
Alula, 447 
Arnam, 205 

Amlwr, Insects in, 144, 269, 458 

AwMytgmne, 180 

Aniblyoponides, 132, 180 

Ambrosia, 295 

Ambryllia, 409 

Amicta qimdrangidarla, 894 

Ammophihf, 111 ; A. 111 ; A. 

hirauta. 111 ; A, holoaeiieea. 111 
Amphicyrtides, 342 
Amphidnaia betularia, 412 , 414 
Ampliiodout, 193 
Amphipneustic, 460 
Amphizoa leamtei, 207 
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Amphizoidae, 207 

AmptUfx eomjprewa^ 114, 116 ; A, riifi- 
eomia, 116 ; A, sibiritM, 1*14 
Aiiipulicides, 114 f., 169 
Ainycterides, 291 
Aiud armature, 328, 416 
Anal nervures, 318 
Anaphe, 376 
Anaspiiii, 267 
Aiuiapis, 268 

Anatomy — see External Structure and 
Internal Anatomy 
Anchor-process, 469 

Ancient, Lepidopteron, 436 --see also 
Primitive 

Ancyloloniiiiae, 4^5 

An4frena, kfS, 26, 30, 301, 303 ; hair of, 
11 ; A. labialis^ 488 ; J. nigroa^nm^ 
23 ; A. ocinot 30 
Andrenulae, 20 
Aiidrenides, 23 
A ndren i morplm. 388 
Andrenoides, 20 
Aiidroconia, 331 f. 

Anergates atmtulitSf 160 f. 

Angelitos, 63 

A H isopteryx ne8Ctdarut!‘^A 1 1 
Auisfdxmia cinnamoinm^ 222 
Anisotomidae, 223 
Anisotoniides, 222 
Anlagen, 143 
Anohiides, 247 

AntMnvi^ 264 ; A. paniceitm, 247 ; A. 

striatum, 248 ; A. teasellatam, 248 
Anochetus ghiliani, 174 
Anomma, 178 
Annphthidmus, 205 
Anoplura, 699 f. 

Auosm erippus, A. msnippe, 346; A. 

plexippus, 307 ; larva, 824 ; pu])a, 887 
Antennae ; ot Belostwna, 066 ; of flies, 441 *, 
of Lamellicornia, 191 ; of Lepidoptera, 
307 ; of butterflies, 840, 341 ; of Sphin- 
gidae, 880 
Anthentphagus, 235 
Aiithicidae, 266 

Anihidium, 46 ; A. belUcoaumj 47 ; A. 
diadema, 45 ; A. vutnitatum, 40 ; A. 
septem/tentatum, 47 ; A. strigaium, 30 
An^koccpa, 61 
Anthocoridae, S60 

Anthomyia angusti/rons, A. braaskae, A, 
rana, 506 
Aiithomyiidae, 506 

Anthophila, 10 f. I 

Anthophora, 32, 33 ; destroyer of, 272, 
274 ; A.perso^nUa, 33 ; A . pUipea, 33 ; 
proboscis of, 17 
AniMhrips axuleaitg^ 630 
Aiithracides, 486 

Anthrax, 486 f. ; A,fenastralis, 489 ; A. 
trifaackda, 44 




AwthrenusfasciaUis^ 241 
Anthribidae, 278, 290 
Antisqiiama, 448 
Antitegula, 447 
Ant-plant, 138, 139, 168 
Ants, 131 f. ; and Aphidae, 690 ; and 
caterpillars, 366 

Ants' -nest. Insects, 200, 218, 221, 228, 
224, 226, 231, 236, 240, 648; larva, 
.601, 608 ^ 
Anus, 814, 380 
Aorta, 880 
Aortal chaiiil)cr, 880 
Apate capucina, 846 
Apatela, 418 
A^mthuass PsUhyrus, q.v. 

A)>atidae, 246 

AiKitum; larvae, 364 ; A. iris, 844 c 
Apatiirides, 362 

Aphaemujaattr, 164,16.6,221 ; A. artnariku, 
164 ; A . haiifarus, 181, 164 ; A . atractor 
164, 240 

Aphaniptcra, 522 f. 

Aphan4)cep1udus, 228 
Aphelocheir^ts, 565 
Aphidae, 581 f. ; and ants, 181 
Aphuliidcs, 690 
Aphis nmidi-rndkis, 684 
Aphnmia sticiclia, 424 
Apidae, 10 f., 20, 32 
Apioceridae, 492 

Apis, S3 ; A. tuiansonii, 69 ; .1 . domestica, 
68 ; A. dursata, 69 ; A. fascUUa, A, 
ligustim^ 68 ; A. m/diijicu, 66 f. ; feet 
of queens and workers, 69 ; ligula of, 
16 ; worker ami hairs, 18 
ApmUi, 402 ; A. teatudu, etc., 401, 408 
Apodidac, 402 
A/fuka pidlida, nest, 83 
Aporia craiaxgi, 322 
Appetite, 491 
Apterogyna^ 96 

ApUrona, 393, 894 ; A . crenidtlla, var. 
helie, 395 

Apterous, beetles, 187, 263 ; females, 9.5, 
96, 140, 171, 174, 816, 392, 898, 407, 
413, 430, 692 — see also Workers ; In- 
sects, 9.5, 96, 50.5, 474, 496, 496, 618, 
631, 581 ; males, 140, 160, 161, 172, 
686, 694 

Aquatic ; caterpillar, 377 ; cocoons, 280 J 
larva, 421 f., 425, 604 ; piitia, 423 
Aradidae, 660 
Aradus orientailia, 060 
AriKocertts, 290 

AmscAnta levana. A, pivrsa, 363 
Arbelidae, 369, 396 
Arceina, 373 
Archiapidae, 21, 22 
Archiapides, 21 f. 

Arriiu ; A. viltiea, 410 

Arctiidae, 370, 404 , 408, 410 
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Argiva, 414 

Argynmia^ larvae, 354 ; A.paphiot aiidro- 
conia. 882 

Argymtw^i aumata, 76 ; trC/maciata, 

486 

Arista, 442 
Arniy-woriii, 416 

Aromia mo»dujUay 188 
Arthroptetmat 214 
Aaclera eiAeriUea^ 267 
Aacodipteront 520 
Aanm/rhvpi'tnm lippvhuiit 160 
Asilfdae, 491 

Aailua^ 492 ; A, eraJn'onifomia, 441 
Asparagus-beetle, 281 
AapuliUm mmdluie^ 692 ; ^1 . Mm/, 595, 
developngiiit of, 59^ 

Aapuliphuntaf 246 
Aapulo^umpha, pupa, 288 , 284 
Association, of Aiwrgniea and Tatra- 
nwrium, 160 ; of ants and other Insects 
etc., 180 f. ; of Firnnira and Fomi- 
coxenua, 159 ; of Strongj/ingnathna and 
Tetraimriumf 162 ; of Tmuagnathm and 
La2d(‘thorax, 161 
Astata fwopa, 119 
AatiUulea, 119 
Asteidae, 504 
Aatotnella lUideiUt 490 
Aatynomua, 285 
Ateniaiea, 225 ; and ant, 182 
Athericerous, 441 
AttierU, 481 ; A. ihia, 480 
Al/iaus rhombeua, 207 
Atraetoeema, 254 

Atrophy of mouth and stonic'ich, 310 
Alta, 137, 164 n., 165, 502 
Aliacua, 373 ; A. atlaa, 878 
Attelainiles, 291 
Attini, 158, 159, 165 

Attitude, 381, 384, 385, 388, 412, 413, 
425, 429 

AtylotMa fi.ilmia, 488 
Autocraiea amea, 275 
ArtUimma, 373 
Axiii, 598 
Azteca, 158 
Azygos oviduct, 321 

Badamia axda^twUumia, 365 
Barrett, on increase of nielaiiisni, 414 
Basket-worms, 393 
Bfkt-parasites, 521, 560 
.Batiiilloti, on metamorphosis, 306 
Bates, U.^V., 011 classiOcatioii of biitterllies, 
344 ; on homoeochroniatism, 351 ; on 
Megac^liola, 201 
Batesian iniinicry, 337, 389 
Bad^yada, 221 
Beak, 532 

Beauregard, on vesicating Instg^ts, 275 
Beaver, Insect on, 219, 221 


Becher, on mouth of Diptera, 444 n. 
Bed-bug, 559 ; enemy of, 558 
Betldard, on animal coloration, 389 11 . 

Bee (/.e. honey-bee) — see Apia mdlijica 
Boe-lpnse or -tick, 520 
Bees, 10 f. 

Bees born of carcgses, myth, 499 
Bees' nest beetle, 235 
Bees, stylopised, 300, 303 
Beetles, 184 f. 

Bellasmo, on buzzing, 19 
Belostomidae, 534, 565 
Beml^idac, 482 
Beinbecidcs, 119 f. 

Benibex, 509 ; B. roslmta, 4, 120 , 120 f. ; 

B. apindae, 130 11 . 

Bench iicha bug, 559 
Ber<mia, 218 
Rerytidoe, 548 

BOtw, 476 , 476 , 477 ; B. wirt/r/, 477 

Bibionidac, 475 

Birds and biitterllies, 338 

Biscuit-weevil, 247 

Bitmm crenata, 283 

Bittamuiorpha, 478 

Block-Ay, 530 

Blanchard, on Hie^attacking man, 517 n. 
Blepharoceridae, 464 
Blind beetles, 205, 221, 233 
Bliaana leucipkrua, 548 
Blister-beetles, 269 

Blochtiiann, on founding new' nests, 145 
Blood-sucking, Diptera, 457 ; Mosipiitovs, 
467 

Blood- worms, 468 
Blow-flies, 511 
Blue-bottles, 511 
Bogus Yncoa-moth, 433 
Bdetophila Inminvaa, 463 
Boll- worm, 416 
Boinbaniier-bcctles. 201 
Bimbfiia, 53 f. ; insect in nest of, 22i ; fleas 
in nests of, 525 ; parasite of, 94, 497 ; 
proboscis of, 13 f., 14 ; B, agrorum, 54 ; 
B, laiiidm im, 54 ; B. %nvacvrum, 57 ; B- 
variabilU, 60 
Bombyces. 367 
Bombycidae, 388, 375, 406 
Boinbyliidae, 485 
Bmnbyliua majtir, 488 
Botnbyx mori, 375 ; B. yamamaU 325 
Book-worm, 247 
BorWidae, 504 
Borbonta, 505 

Borocera ^nadagaacarknak, 405 
Bostrichidae, 246 
Bot-flies, 514 
Brachelytra, 234 
Brachycera, 441, 454 
Brachycerides, 291 
Brachyscelides, 592, 598 
Brtuhytaraua, 290 
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Braconidae, 590 

Braduptts ckicidliger^ Tineid on, 480 
Bralmiaeldae, S6S, 874 
BraiSt^aaO ; cephallo and thoracic, 449 
Branchiae, 208, 244 « 

Brands, 882 
Braasolides, 849 
BrathinitSf 228 

Brauer, on Dipterous larvae, 451 ; on Oes- 
tridae, 514 
Braula eoeett, 520 
Braulidae, 520 
Breastbone, 459 
Breeze-flies, 448, 481 
Breiteiibach, on proboscis of Lcpidoptera, 
811 II. 

Breithaupt, on proboscis of bee, 15 ; on 
deglutition of bees, 18 
Brenthidae, 295 
Brenthm anchwa{io^ 297 
Brephoa nothti^ 410, 416 
Brimstones, 857 
Bnmtea planiUua, 284 
Brown-tail moths, 407 
Bmchidae, 276 

Brvefnta /abae and B. 277, /i. pm^ 
277 « 

BtyopkUat 418 

Buckell, on development of pattern, 335 
Buffalo-gnats, 477 
Biigong-moth, 417 
Bugoiiia-inyth, 499 
Bull-dog ants, 171, 173 
BuH's-horu thorn and ants, 168 
Bumble bee — see Bombna 
Buprestidae, 261 

Buprestia attenuata, supiiosed larvae of, 
262 11. 

Buigess, on auction, 811 
Bnrnct-inoths, 390 

Burrows^ of Daaypotfa^ 27 ; of IlaUctua^ 24, 
20 ; of Odynenia, 74 
Bursa Cfipulatrix, 821 
Bnrying-beetles, 221 
Butterflies, 341 f- 
Buzzing, 19 
Byrrhidae, 242, 255 
Byrrhua pdvla^ 242 
Bythoscopiilae, 578 
Bytwnia, 241 

CadphiaBa mottrei, 891 

Calandrides, 289 

Calcium oxalate, 406 

Calieuiyua^ 101 ; C. kyalinaitta, 102,' 106 

CtUiyo eiiryloehva, 850 

Vallulea baro, 803 ii. 

CJallidiilidae, 370, 400 
CtUliphora, 448 ; C. erythrocephald, C, 
ttorta,611 

Callirhipis dt^ni, 206 
ColJUmyia, 496 


(7a2fosfoMta/asc»>ieMn£^ 489 
OalopUnua, 270 ; (7. italicua,A2B, C,aprdua, 
488, 506, enemies of 
Calypter, calypterate, 448 
Calyptrate Muscidae, 448, 504 
Camberwell Beauty, 352 
Camel bot-fly, 010 
Camponotides, 144 

Campontdita, 145 ; O, liynipMus, 138, 
145, 147 ; G, pennaylvaniiiua, 138, 146 ; 
O. -nihripea, 181 ; O, ru^pea, 187 
Camptosoines, 279, 281 
Canephoriuae, 394, 895 
Cantharidae, 269 f. 

Cantharides, 270 
Capsidae, 561 

Otpaua laniarina, 039 ^ 

Carabidae, 204 f. c 

Carabidcs, 206 
Caraboidea, 190, 200 f. 

Onreinoeoria, 004 
Carder-bees, 45 f. 40 
Cardiocondyla, 161 
Oartliophorua, 258 

Carlet, on sting, 6 ; on sound-organs of 
Cicatla, 074 
Carnivora, 200 
Carotine, 549 
Carpenter-liees, 33 
Caqienter-worins, 395 
Car^iets, 411 

Oirpocapaii Jufiana, C*pmaondla, G^apUn^ 
dana, (7. aaUUana, 428 
Carpuphcujua, 278 
GarUrria Iwcm, 597 
Cams, on imedogenesis, 461 
Garyobunia, 27 S 

Case, 281, 392, 898, 894, 417, 422.423, 
430, 431 

Cassidides, 279, 283 
Caste-production, 142 
Ouatnia, 307, 309, 316, 819 ; C. eudeamia, 
G, therapon, 372 
Castniidae, 369, 871 
Gador mimdenaia, parasite of, 219 
Gatndyata Umnala, 423 
Caterpillar, 822^ 824, 820 ; of Dlptera, 474 
Gatopumorphua, 221 
Cauda, 538, 588 
Cave-lieetles, 205, 221 
Cebrionides, 260 
GaddipUi exeoecnria, 424 
Oecidumyia Utasi, 409 ; C. destrucior, 46^ ; 
C. tritici, 460 

Cecidoniyiidae, 456 n., 458 % 

Gscrqpia, plant and ants, 158 
(kfleoeera, 297 n. 

Cell, of wing, 817, 818 ; complete and in- 
complete, 116 n. 

Cells, foniiation of, by bees, 21, 22, 24| 
20, 28, £», 34, 85, 46, 48, 51, 02, 64, 56, 
60 ; earthen, 72, 106 ; of (Mtmiiea, 89 
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Celypbida^ SOj^ 

0Ulfphu8, 505 
Cempntu unicolor, 128 
Cephaloidae, 275 
Cephahinifia nuusuUUa, 515 
(kpKaloon, 275 

Oepbalothorax, 465 ; of StylopH^ldxsu, 302 

(kphcnomyia rufibarbis, 517 

Cerambycitlae, 378, 285 

CerambyeideB, 387 

Oeramiuo, 89 ; C\ lusUaniats, 89 

Ccranchia, 874 

Cerapaehys, 175 n. 

(kfratim, 11, S3 
Oeratocampidoo, S68, 375 
Geratocomliidae, 559 
Ceratoguathiiii, 194, 195 
€biq|^onB9aa,*401 

Ckraiopogon, 469 ; C. hipunetatus, C. piUi- 
caria, C. varius, 470 

Oeroeris, 125 ; C, arenaria, 125 ; C. 
hupmAicida, 125 ; C, laJbiaia, 125 ; C, 
tuherculala, 126 
Cercopidao; 577 
Otrem bubalua, C. taurina, 577 
Ceromnu achaiferi, 275 
Cerophytides, 360 
Oeropiciatea eer^erua, 597 
Oercplalua inaatcrsi, 463 
Oerura vinultt, 388 
Cervical BcleritcH, 472 
Oetonia, in aiits’-uests, 149 ; C. Jlorieola, 
200 

Cetoniideis 195, 199 

Cfuterocampaj 380 ; recte Vhverocampa 

Cliaetophoroufl, 446 

Clioetotaxy, 446 

CliaferR, 194 f. 

aialcoBiidae, 391, 4^0 

Chalia hockingi-, 894 

Cftalicodotm, 32, 35 ; O, muniria, 30, 35 
f., 86, 254, 486 ; O. parietina, O. pyre- 
fiaica, 39 

Change of habit in larva, 301, 431 
Chapman, Dr. T. A., on Chryaia, 3 ; on 
classification of pupae of Iiepidoptera, 
367 ; oji lfepialua, 398 ; on Metoecua 
paradoxua, 268 ; on pupa, of Lepidop- 
tera, 327 n. ! 

Vkarogia, 896 

Ohartergua duirtariva, nest of, 82, 88 

CheiUma thryaocomch 480 

Chcimatobia brumata, 414 

CheHmyrmese, 180 

Ohelonarii^s, 242 

Chchnia, 410 

Qhdosboma, 35 

Chenniwn bitubereulatnm, 224 
Chermea^ 583, 586, 587 ; C. abietia, 588 , 
587 , 589 

Cheahtre, on proboscis of bee. 15 
Cliigger, 525 


Child, on sense-organ, 442 
China-marks, 421 
Chinch-bug, 548 
Chiofiea araneoidea, 474 
Chiromyzidae, 479 
Cliironomidae, 468, 474 
Chironomua, 440j 468 
Chlamydes, 379 
Chlorurtu 110 
Chloropidae, 504 
Ckloropa, 504 
Ckoefocampa dpenor, 380 
Choerocanipini, 381 
Cholodkov^y on Chermea, 586 
(Jhmayna alueppanii, 290 
Chorion, 322 
Chrysalix, 326, 344 . 

Clirysauginae, 423 
Chrysididae, 1 f. 

Chryairidm madtojaacantnaia, 419 
(Ihryaia bidentata, 3 ; C. ignila, 3 ; V, 
ahanghaienaia, 4 
Chryaochua preiioaua, 279 
Cki'yaocorta grandia, 303 ii. 

Chrysoiuelidae, 376, 278 f. 

Ciirysonielides, 379 
ChryKO|)olonndae, 396 
Chryaupa, 482 

dcmia, 123 ; C. plebeitt, 574 ; C. aepten- 
decivi, 569 
Cicadellinae, 578 
iUcailidae, 568 f. 

(Hcindela hybrida, 202 
Cicindelidae, 201 f. 

Cidnnva, 378 n. 

CHliiC glciucatn=apinula, 401 
(Tivtex, 560 ; C. lectularhia, 559 
Ciinicidao, 559 
Cioidae, 245 
Oiavtdliei, 245 
Cistelidae, 264 

(Jiatua aalv\folim, beetle-larvae in, 282 

Cithaeriaa, 348 

CiUieronut, 375 

Cixiidos, 576. 

dxiua, 575 

Clambidae,. 333 

Clasper, 814 

Classification, of ants, 144 ; of bees, 20 ; 
of butterflies, 841 ; of Coleoptera, 189 ; 
of Diptera, 454 f.; of Hemiptera, 548 ; 
of Hymenoptera Acnleata, 10; of Lepi- 
doptera, 339 f. ; of moths, 366 f. 
Claviconiia, 189, 313, 265 
Clariger teaiaeem, 224 
Clavigerides, 224 
Clavus, 639 
Clear-wings, 386 
Cleggs, 481 
Cltoairia, 400 
acptea, 2, 4 
Cleridae, 258 
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Click-boetloR, 256 
Clickiug butterfly, 854 
Vlidicm, 223 
Cliaiocampa neuatria^ 322 
Clothes-kiioths, 430 
Clouded-yellows, 357 
Olypeiis, 807 

Vlffthra in ants’-nests, 149 
Clythrides, S79 
Cnemidotua caestu, 200 
Cnethocavnpa proceaaionea, 376 
Coarctate larva, 271 
Coccidae, 592 f. ; destroyer of, 290 
Coceuhda, 239 
Coccinollidac, 237 

Coccm cactif 598 ; C. niannifera^ 597 
Cochineal Insect, 598 
Cochliopodidae, 402 n. 

Ooehloptumu 804 
Cockchafer, 198 - 

Cockroach, parasite of, 269 
Cock-tail, 225 

Cocoon, 46, 55, 66, 109, 122, 328, 347, 
373, 376, 384, 385, 391, 403, 404, 405, 
407, 410, 424, 436, 460, 462, 494 ; 
flax-seed, 460 ; of ants, 134 ; aquatic, 
280, 377 ‘ < 

Coci/iia durrif/iif 882 
Cocytiidae, 382 
Codling-moth, 428 
Coelioxys, 31 

CoelonUes, 89 ; C. abbrcviatua, cells of, 89 

Coenomyia/erntginm, 480 

Cociioiiiyiidae, 479 

Coenonymphii, 348 

Colaeniaf 351 

Coleophora^ 431 

Colcoptera, 184 f. 

CotuCsa, 22 ; C. duvUaanHS, 30 
Ctdnhopaia, 138 
Colon, 820 
Colorado beetle, 278 

Colour, corrospoiidiog with locale, 201 ; 
and surroundings, 337 ; of larva and 
habits, 336 ; of Sphingidoe larvae, 381 ; 
physiology of larval, 413 ; of cater- 
pillars and sex, 325 ; development of, 
in Heinipten^ 542 ; of eyes, 440 
OduocemftmHimria, 240 
Colydiidae, 233, 234 
Cclydium^ 233 
Comb, 63, 64, 65, 78, 79 
Combs and brushes, 134 
Compound pupa, 452 
Cmpoaaiiyia.^ 512 
Comstock, on nervures, 317 ii. 
Conchylidae, 

Coniiexivum, 538 
Conopidae, 497, 50J^ 

Conorhinua aanguiauga, 559 
Copiopteryas, 373 
Copium dameoma, 600 


Q 

Ctipius, 547 
Copper biiiterflies, 356 
Coprides, 195 f. 

Coprini, 195 n, ^ 

Copria hiapanm, 197 
Copulatory pouch, 320, 821 
Cordyluridae, 504 
Ooreidae, 546 
Vorethra, 467 
Corium, 539 
CWriro, 567 
Corixidae, 567 
Corn-leaves, larva on, 281 
CoronUlia^ 419 
Curotoca^ 227 
Cwticaria^ 240 
Corylophidae, 228 
Corynetides, 253 ‘ 

Coacinocera herculea, 372 
Cossidae, 360, 395 
Cossonides, 294 

Goaaua, 309 ; C. 319 

Costal nervure, 318 
Cotton-Htainer bug, 548 
Cotton- worm, 416 

Courtship, 494 ; of ffepiahia, 398 f. 

Coxa, 307 

Otabro, 129 ; C. eephuiotea, 129 ; fJ. 

alirjjMn, 130 n. 

Crabronides, 128 f. 

Crambidae, 425 
Crane-tlies, 471 
Cmtoparia, 290 
Cremaster, 827, 328,944, 426 
Cremastochilini, 200 
GretnaaMilna, 200 

Oreituiatogaater, 213, 165 ; V. triatlor, 166 
Crepitation, 213, 214 
Crioceridos, 279, 280 
Crioceria aapnrayi, 281 ; G, merdigera, 
281 

Croaaocarva, 130 ; C. immneli, 130 
Cryptocephalides, 279 
Q^tocapiwJl^Ui, 282 
Cryptocerata, 644 ; 562 f. 

Crypiocerini, 132, 134, 158, 159, 169 

Ci^ptocerna, 138 ; C, atratva, 170 * 

Cryptophagidae, 235, 237 

(Jrypiaphogua dentatna, 236 

CryptoBtomes, 279, 282 

Cttnim ariana, destroyer of, 490 

Ctanophora, 475 

Ctenostylidae, 517 

Ctenuchiuae, 499 

Cuckoo-bees, 22 * 

Cuckoo-spit, 577 

Cucujidoe, 232, 234 

Cuciijos, 258 

Cuculinae, 20 

QvUxpipima, 466 

Culicidae, 466 f. 

CulteUI, 4U 
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Guneus, 689, 540 
Capesidae, 284 
Curculionldafl^ 290 
Curtice, on Myfpoderma, 516 
Cmupira, 490 
Cut-worms, 415 
Cyathoceridae, 243 

Cjfbiater latenTmrginaiU or roesdi^ 210 ; 

O, tripmcUUua^ 211 
Oyhoeeph(du8^ 232 
Cyclica, S79, 282 

Qyclorrhaplia, 454 ; C. Aschiza, 455, 494 f. ; 

C. Schizopliora, 456^ 503 f. 

Cylidrust 253 
Cylindrotomina, 474 
Cymatophoridae, 368t 386 
Cymbidae, 410 
Cynomyia monbwnun^ 510 
CypliSifoguit segnij)e8, 296 
O^phanta, 368' u. 

Oyphonia davata, 076 
Cyplionidae, 255 
Cyrtidae, 489 
Cyrtocoridcs, 545 
Oyftoeoria monatrmia^ 046 

Dacnides, 237 
Dactylopins ctVn, 090 
Daddy ‘longdegs, 471 
Dakrmm coccidivom, 424 
Dalla Torre, Catalogue of Hymenoptcra, 
21 

Dauaides, 344, 347 
Danaioid Hclicontidoe, 34'6 
JkLiwis archippm, or plexippvs, 345 
Dances, 361, 464, 493, 554 
Darwin, C., on Pelotius, 208 
Darwin, F., on proboscis of Lepidoptera, 
311 11 . 

Dasclllidae, 343, 255 
IkuciUus cervinus, 255 
Dasyehim pudUnindti, 408 ; D, rosni, 
407 

Dasygastres, 30, 35 f. 

Da^fpatla hiHipes, 27 
Dead-leaf butterfly, 353 • 

Deatli-watcbes, 248, 254 
December-motb, 406 
Deer bot-fly, 517 
Deer-fly, 618 
Delpliacides, S76 
Dettoe^phalua inimicus, 578 
Deltoidae, 418, 433 
Denudatae, 30, 29 
D^pomtw, 291 
Dematolna^iU'ialis, 517 
Itormestidae, 241 
Deiroea, 400., 

Derodontidae, 244, 353 
DerodoiUua nuteulatua, 240 
De Sanssure, on wasps' nests, 81 
DeviTs eoach-^orse, 226 w 
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Dewitz, on development, of sting, 8 ; of 
thoracic appendages, 9 
Dexiidae, 510 
Diaetor bilineatus, 047 
Dimeura, 892 
Diatdwk hAdymenoidts, 547 
Dichoptic, 440 
mcOMdia, 178, 180 
Dictyodeada, 543 

IHlophua fdnUia, 477 ; D. mlgaris, 476 
Dimera, 644 

Dimorphic, generations, 686 ; males, 16U 
172 

Dimorphism, 139 ; of wings, 549 
JHnapate wrightii, 246 
Dingar, 70 

Dinoponera grandia, 182, 184, 171 

Dio7iychoptia niveua, 410 

Diopsidae, 008, 50^ ,505 

IHopaia apicalis, 008 

Dioptinae, 409 

IHoptoma adamai, 251 

IHoacarea baMaa, beetle-larvae in, 280 

IHoxya cincia, S2, 43 

Diphyllides, 337 

Di^ocotea, 348 

Diplanychua, 566 ^ 

Diplopleetroii, 119 
Diploptera, 10, 71 f. 

IHplmim ligniwra, 429 
BipUma, 409 ; D. teainieoUi, 459 
IHpaocoria (Uiamia, 559 
Diptera, 438 f. 

Dipterous parasitic lar\’a, 26 
Dirphia tarquinia, 877 
Discocellular nervures, 818 
Di^mrphia, 346, 857 
Dissociation of embryo^ 70 n. 

Dixea, 471 
Dixidae, 471 

Dohm, Anton, on Hcmiptera, 538 
DUicIwderidea, 157 
Dolichopulae, 493 
Doluhopua undidatua, 441 
Dolichuma haemorrhoiia, 116 
ikmacia, 280 
Donaciides, 279 

Dorsal vessel, 820 ; 529— see also Internal 
Anatoni,v 
Dwrycera, 604 
Doryceridae, 504 
Dorylides, 174 f. 

Doryliiii, 175, 177 

Do^na, 183, 177, 179 ; D, bdmtlva, 

178 

Dinyphora decemHiwUa,, 278 
Dragon, 888, 385 
Drepanidae, 370, 400 
Dr^Mnoaij^um plataiwidta, 585 
Drepanulidae, 400 
Drilides, 348 
Driver ants, 178 

2 K 
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Drones, 63, 67, 69 
Drosophilidae, S04 
Drurya, 362 
Drypmyzidae, S04 
DryofMharua^ $89 
Dubois, on luminescence, 259 ^ 

Dudgeon, on Badamia, 866 
Dufonr, on host helping parasite, 26 
Duke of Burgundy fritillary, 355 
Duration, of ant-colonies, 154 ; of wasp- 
colonies, 70 n., 80 ; of life — see Longevity 
Durrant, on moth-cases, 431 
Dutch bulbs, larva in, 501 
Dyor, classification of larvae of moths, 
367 

Dydadia, 389 
Djffuutea, 199 
Dynastides, 195, 199 
Dysdercua autut^ltUf, 548 
DytUcidao, 210 f. 
liytiscus, 211 

Marina, 410 

Eau de Javelle, 368 n. 

Mchi}u^}klhirtua, 600 

JieUtm, 159, 175, f : M. hamUum, 176, 
177 ^ 

Ecitonini, 174, 176 f. 

Eqpafdhtria^ 409 
Ectatomma auratnm, 131 
Metrephaa kinyi, 848 
Edible larvae, 287 

E;gg, 305, 435, 468 ; as food, 504, 568 ; 
of bot-fly, 514, 615 ; of Cai^idae, 061 ; 
carried, 047 , 001 , 066 ; of Endoefvaa, 
008 ; of Beduviidae, 559 ; of flea, 524 ; 
laid by pupa, 469 ; of Lepidoptero, 321, 
888 ; of N^pa, 564 ; numerous, 397, 
few, 197 ; standing out string of, 378 ; 
swallowed, 508 
Egg-tubes, 321 
Eggers, 822, 405 
Elaphidion vUlaaum, 286 
Elaphomyia, 505 
Elaterida]^ 256 
Elaterides, $60 
Eleodea, 263 
EUphanUotnyia, 472 
Elmides, 244 
Elymniaa, 848 
Elymniidae, 348 
Elytra, 184, 186, 539 
Embolium, 539 
Embryonic dissociation, 70 ii. 
EinetuuiiaJMbellata, 269 
Emery on classification of ants, 144 ; on 
polymorphism in ants, 148 
EmesUdes, 555 
Emperor-moth, 874 
Empldae, 492, 4^4 
Empodium, 446 
Empretiaatimulana, 403- 


# ' 

Eneyrtua, 84 ; Mncyriua /uaeictiUia, em* 
bryology of, 70 
Endomychidae. $87, 289 
Endotrichiinae, 4^3 
Endromidae, 369, 406 
Energopoda, 467, 492 
Enhydrua, 216 
Entomophila, 10 
Enzyme, 259 
Epeolua variegaiua, 30 
Epheatia kuhniella, 306, 424 
Ephydridao, 504 
Ephyra pendularia, 412 
Epiblemidoe, 497 
Epieattaia ainUhi. 409 
Epiehwpteryx, 395 
Epicopeiidae, 368, 418 
Epicraniuni, 307 

Epicypta acalophora, 463 ^ 

Epidapua acabiei, 462 
Epilachnides, 238 
Epimeron, 807 

Epinotia fuvubrana, 428 ; E. hypericana,, 
parasite of, 476 
Epipaschiinae, 493 
Epipharyngeal sclerites, 14 
Epipharynx, 14, 808, 443, 600 
Epipleniidae, 368, 420 
Eplpyropa, 404 
Epistemum, 807 
EpUrUaa, 170 
Epvram, 232 
Eraatria acUida, 417 
Erehia, 247: E aetkiopa, 347 
Erebides, 418 
Eremochaeta, 467 
Eremochaetous, 446 
Ereniocona, 548 
Ergataudrous, 140 n. 

Ergatogynous, 140 n., 142 
Ergatoid, 140 
EricenM pd€L, 697 * 

Erhicaphala, 808 ; E ccdthdln, 484 

Eriocephalidae, 433 

Erioctra, 472 

EriMiia, 499 

Erinine-mothii, 409 

Erotylidae, $35, 286 

Erucaeformia, 475 

Eryddea, 364 

ErycinidM, 34U 364, 358 

Erycinides, 356 

Elhm, 262 

Eiicephalous larvae^ 450 
Eueera, 3$ 

Eucharia myrmeeiae, 178 ^ 

Euchloe cai^nUnea, egg, 882 ; larva, 10 % 
859 ; pupa, 808; E, genutio, 858 
Eiushroma goliath, 981 
Euctns<iM,>256 
Eiicleidoe, 401 
EudidiOSni, 415 
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Eucne&ldes, 260 | 

Evdnemndoii 878 j 

Eudainua proteua, 8i0 
Eueides, 861 ^ 

Eugereon hoekingi, 542 
EugUma, 84 ; E. cordcUOf 86 
Eugnoriatua montuhua, 289 
EidmOf 86 

Enlen, 414 
Eulgea, 668 
Eumaeuaf 865 

Eumenea (vrhualmm, 78; E. cvai-etatOt 
78, 74 ; E, conica, 74 ; E, Jlavopicia, 
78 ; E, pomiformia, 72 ; E. ungui- 
culiUei, 78 
Knnienidae, 72 f. 

Eumolpides, 879 
Enmyiid flies, 4f6 
Etiparogia, 89 
^uphoriOf 200 

Ewplocia, 408 
Euploea, 345 
Eiipoda, 870, 280 
EupatUia minuUt, 296 
Eupterotidae, 368, 376 
Ewrygona, larva, 366 
EtOiAemon rngUakte, 871 
Eauemia vUHcoidea, 410 
SvaithaiMa pralti, 688 
EiJQigrhyndim^^ 646 
Eaxoecariahiglmidvloaa, 424 
Exoremeut as covering, 281, 288, 468 — 
see also Adapted excrement. 

Excremental dwellings, 284, 879 
External structure, of Aphidae, 588 ; of 
Clirysididae, 2 ; of Coleoptera, 185 ; of 
Diptera, 489 f. ; of fleas, 623 ; of Heini* 
pters, 634 ; otllipiahia, 400 ; of Hymen- 
optera Aculeata, 6 ; of Lepidoptera, 
807 f. ; of Tbrips, 627 
Exudation of fluid, 288 
Eye-collar, 887 

Eyes, four in number, 215, 261, 476 

Fabre, J. H., on Ammophila, 111 ; on An- 
thraas, 486 ; bn Bmhex, 120 f. ; on 
Calicwrgua, 101 ; on (Jhalicodwm, 87 f.; 
on Efimenaa, 72 ; on Salictua, 24 ; on 
Miltogramma, 509 ; on Oamia, 48 f. ; 
on Searaiaaua, 196 ; on ScoUa, 97 f. ; 
on SUmria, 272 ; on Ephaz, 108 ; on 
StdianaauUi,^^ 

False cones of Chamtaa, 687 
Families of moths, key to, 868 f. 

Feeding young, 147 
FaaUmma lu^gicoUia, 180 
Fever-fly, 477 

Eilaria, and Mosquitos, 468 

Filieomia, 800 

Finding n^ 88 iL, 126 

Finn, on protected butterflies, 345 n. 

Flagella, 884, 442 ^ 


Flatides, 676 
Flax-seed cocoon, 460 
Fleas, 622 f. 

Fly-disease, 513 

Food, abstinence from, 254 ; of bee- 
lai4rae, 19 ; small in amount, 277 
Food-reservoir, 820 
Footmen, 409 
Forbes, on ant sounds, 155 
Forel, Aug., on tropical American Ants, 
138 ; on clasttiiication of Ants, 144 * 
Forest-fly, 518 

Formica exaeetoidaa, 149 ; F. fuaea, 137, 
150, 161 ; F, n*/«, 148, 154 ; F ann- 
guinea, 149 ; F, aehavftiaai, 152 
Formicidae, 181 f. 

Formieoxanua nitidulua, 148, 169 
Fornax, 260 

Fossil, Ants, 143 ; Beetles, 261 ; Diptera, 
458 ; Heniiptera, 542 ; Thrips, 531 ; 
Wasps, 88 — see also Palaeozoic 
Fossores, 7, 10, 90 f., 346 ; classification, 
93, 

Fossorial solitary wasps — see Fossores 
Founding new nests, Ants, 146 f. 
Frenulum, 316, 818 , 810 , 400 
Friederich, on Pamid larvae, 244 
Friese, on habits and dlassificntiou of bees, 
21 ; on hosts and parasites, 30 f. 
Fritillaries, 308, 354 
Froghoppers, 677 
Frog-spit, 577 
Frontal ganglion, 320 
Fiilgora candelaria, 676 
Fulgoridae, 643, 574 ; larva living on, 404 
Ful^rina, 543 
Fumea, 393, 395 
Fungus cultivated by ants, 167 
Fungus-gnats, 4’62 
Funnel-twister, 292 

Gad-flies, 481 

Gahan, J. C., on Fraogena, 264 
Galea, 309 
Galerucides, 879 
Galgulidae, 562 
Galleria vwUondla, 306, 881 
Galleriidae, 423 
Gall-midge-flies, 461 

GaU^ 262, 430, 424 ; of Coccidae, 598 ; 
of Aphids and Phylloxera, 587 ; of 
PsyllidM, 680 ; of Thrips, 630 
Ganglbauer, on Staphylinidae, 224 
Ganlen-whitea, 367 

Garman, on mouth-parts of Thysanoptera, 
528 

Oaatropacha gtiareifolia, 406 
Oaatrephilna egui, 516 
Oavara, 401 
Gelechiides, 429 
Gena, 186 
Generations, 806 
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Geometers, 411 

Geometridae, S6S, 411, 416, 4^0 
Geomyzidoe, S04 
Georyssidae, 243 
Gkorysaus pygmaeus, 248 
Oeotrupea, stridulation of, 195 
Gerrides, 562 
OerrU, 535, 552 
OhUian^lafiliveiitria, 555 
Ghost-moths, 396 
Oiraffomyia, 605 
Girdlers, 286 

Glands, 321, 323, 331, 363, 399, 538, 
553 ; accessory, 320 ; of Filippi, 324 ; 
mandibular, 216 ; salivary, 326 ; silk-, 
325 ; stink-, 257 ; wax-, 589 
Glaphyrini, 196 ii. 

Olaphyroptera pieta, 441 
Glaucopirles, 339 
Glossa, 809 

Oloaaina tnoraitana, 512, 618 
Glow-worms ; 248 ; New Zealand, 363 
Olyplus, 206 
Gnats, 466, 46^ 

Onophaela, 409 
Gnostidae, 223 

Goat-moths, 395 — ^e also Cnssun 
Godart on trumpeter-bee, 58 
Godman and Halviii, on spennatheunl 
bodies, 321 
Gold-tail moths, 407 
Gonapophyses, 9, 305 
Goniii, on development of wing, 328, 329 
Goossens, on legs of liepidoptera larvae, 
323 

Oassyparia, 597 
Graber, on mouth of louse, 599 
OrapholitfM aebaatianiae, 428 
Grapholithidae, 4^ 

Grass-moths, 425 
Grayling, 347 

Green, E. £., on clossitication of Coccidae, 
593 

Green-bottles, 511 
Green-fly, 581 f. 

Ground-beetles, 204 f. 

Ground-pearls, 592, 598 — see also J/ar- 
garoflea 

Grypocera, 341 
Guest-ant, 159 
GuIb, 186 
Gymnocerata, S44t 
Gymnodonies, 82 
Gyrinidoe, SOI, 215 
Gyrintu, 216 

Haase, on mimicry, 839 n. 

Hadrua Upidotua, 482 
Ifaemaiobia aerraia, 512 
ffaemattmyzua elei^ntia, 600 
Hamaiopoia, 482 ; //. pluvialia, 488, 
448 


Haemoglobin, 468 
Haemonia, 280 ; H, eurtisi, 280 
HoMtara, 348 
Hag^moth, 403 

Hairs, plumose or feathered, 11 , 12 ; of 
Dermestid larvae, 241 — see also Setae 
Half-loopers, 415 
lialiaa, 410 

Haliehu, S3 ; J7. lineUatna, 24 ; 
•nudtukwnia, 23 ; //. iwmdaJtua, 25 ; 
mono, 24 ; U, quadricinctua, 

26 ; //. mhicundua, 26 ; H. aexcinctua^ 
24, 269 

Haliplidae, 209- 
Ilalirytua amphStiua, 474 
lIoMtaita, 552 ; H, aobtinita, 551 
Halobaiodea, 663 
Halteres, 438, 448, 593 r 
Halticides, STS, S79 ^ 

JIatnatliyaa, 347 
Hammock -moth, 379 

Hanipson, oir classification of moths, 367 
f. ; on clicking butterfly, 354 ; on frenu- 
lum, 316 

Ifampaonia puleherrima, 301 
Haniilirsch, on Botnbua, 58 
Harpactorides, 558 
Harpalides, S06 

liaipahia, 205 ; If. qaligims^ui, 186 
Har()es, 314 

Hart, i\ A., on larvae of Diptera, 473 
Harti J. H., on the parasol-ant, 142 
Harvesting ants, 164 

Hatchett Jackson, on colour of larvae, 
325 

Haiistellato, 36G 
Hanstelliim, 808 
Hawk-moths, 380 f. 

Hcail-vesiclc, 442 
Hearing, organs of, 191, 318 
Heath-butterfly, 347 
Hebridac, 551 
Ilebnta, 551 
Jlecatraia, 371 
Heerwurm, 464 
Heliconiidoe, 346 
Heliconiides, 351 

Ueliconiwi, 346 ; //. eraio, H, mdpm»nt, 
H, rtiea, 351 
Haliolhia armiyera, 416 
Hdhtodaa tapfMbanaa, 206 
Ileiocharea, 218 
lldodaa, 255 
Helomyzidae, R04 
UdAtpdtia, 561 
Helotidae, 235 ^ 

Ileniaria, 383 
Hmerodromut^ 493 
HefoUdiptera haeekdi, 558 
Pfemi-elytra, 589 
Heniileucidae, 874 
Heiniptera, 532 f. 
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HenioocephalidM, 554 
Hepialidae, 306, 369, 396 f. 

309, 310, 811, 317. 319, 322 ; 
//. humnili and others, 396 f. ; JET. lupidi- 
nus, 397 
Heredity, 454 
Heriadea, 35- 

J/ernuOabates ?iaddoni, 553 
Jlemietia, 479 
Hosperiidae, 341, 343, 363 
Hessian fly, 452, 460 
Heatia idea, 840 
Heterocera, 340, 366, f. . 

Heteroceridae, ;^id, 243 
Heterogenm, 402 
Heterogeneidae, 402 
Heterogyna, 1^ 131 f. 

Heteragynidae, 369, 392 
UetffTOQynia, 369 n., 392 
Hcteromera, 190, 262 f. 

Heteroueuridao, CO 4 

HeUromtaa trhwdoaua, 676 

Hoteroptcra, 532. 534, 535, 539, 543 

Ileterotarsini. 364 

JlemtiMMpeilacena, 441 

Heylaerts, on Psychidae, 392 

IJibemation, of Vaneaaa, 352 

ililara, 493 

iliUbridea, 405 

Hill>ant, see Formim n{fa 

Hm-gnib» 417 

Hiniantopteridae, 392 

Himera pennaria, 411 

JJijfpoboaca equina, 518 

Hippoboscidoe, 518 

Hippopsini, 288 

Jlirmonefira obacura, 485 

Iliapa, 282 

Hispides, 379, 282 

Histeridae, 230 

Uialia, 391 

Histoblasts, 453 

Histolysis, 452, 695 

Hookings, on stingless bees, 63 

Hoffer, on BmnJbua, 54 

Hollandellidae, 896 

Hddepta, 230 

Holometopa, 304 

Holoptic, 440 

Holoptilides, 557 

Jfoljfmmia, 547 

HomoeochromaUsin, 387, 851 

ffoptoeodeirua mdlyi, 198 

Homoniorpha, 542 

Homophy^i^w, 421 

Homoptera, 532, 534, 535, 548, 544 ; 

par^te of, 308, 497 
Honey, 18, 80 
Hoiiey-a&t, 152 
Honey-bee— see Apia meUifica 
Honey-dew, 580, 589, 597 ^ 

Hook-tips, 400 


Hoplopua, 74 

Horn, G. II., on classification of Carabidae, 
206 ; of Silphidae, 228 
Horn, W., on classification of Cicindelidae, 
202 11. 

Hornet, 81, 87 
llornet’s-nest beetle, 227 
Homs as food, 430 
Horse bot-fly, 515 
Horse-flies, 481, 518 
Hot springs, Insects in, 479 
House-fly, 511 
Hover-flies, 498 

Hubbard, on ambrosia-beetles, 295 ; on 
Phcbetron, 403 ; on Xenoa, 303 
Huxley, on Aphids, 585, 589 ; on sclerites 
of oesophagus, 15 
Ilyhocampa milhauseri, 38.5 
Hybotinae, 492 

Hydnophyium, 139 ; H. nuMtlamuii, 188 
ilydrocampa nymphaeata, 421 
Hydrocainpidae, A31 
Hydrocanipiiiae, 421 
Hydrocores, 562 
Hydrocorisae, 562 
Ilydi-ocyphAm dq/texicollia, 255 
Uydro^netm, 553 \ Hbatagiwmm, 551 
Ilydrometridoe, 551 
Hydropliilidae, 216 f. 

Hydrophilides, 319 
UydrophUm piceiia, 217 
llydroporides, 201 
Ilydwporua, 211, 212 
Hydroscaphidae, 228 
JUytiroua cairdwidea, 218 
Jlyffrobia, 208 
Hylecoetua denneatoidea, 255 
Ifylemyia alrigoaa, 506 
JJymenUia, 346 

Hymeiioptera Aculeate, 4 f. ; H. Tubuli- 
fera, 1 f. 

Hyper-metainorphosis, 270, 488 
Hypertely, in Kalliwa, 354 
Hyphydrua, 212 
Hypnody. 489 
Ifypocej^alua armaiua, 288 
Hypochlorite of potash, 368 n. 
Ilypoderwa^ bovia, H, lineata, 515 
Uypawmmta, parasite of, 70 n. 
Hypopharyngeal sclerites, 14, 17 
Hypopharynx, 15 u., 324, 448, 524, 600 
Hypopygium, 446 
Hypsidae, 370, 408 
llypamdea radania, 376 
HyUiiidwpayUatalpae, 533 

Idia/aadtUa, 513 
Iddkknpa apeetrum, 627 
Imaginal disra or folds, 596 
Tmbauba ant, 158 
Individual, 585 

Inedible associations, 888, 839 
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Infericornia, 548 
Infra-oeHophi^al ganglion, 541 
Inqnilinea, 80, 81 
Insects as food, 417, 504, 568 
Instant, otAa^iotvUt 090 ; of Coccidae, 
600 ; of Epimuta^ 271 
InsUnct, 235, 274, 373, 408, 424„ 487, 
546 ; of Ants, 590 ; of Banltex^ 121 ; 
of Chalieodoma, 37 ; of Dttaypoda, 28 ; 
of Mdipona^ 64 ; of MiUogramma and 
Bembex, 509 ; of Odyrienis, 76 ; of 
Omta, 48 f. ; of PonipUtut, 102 ; of 
BhynchUesy 292 ; of Trigona^ 64 
Interuid anatomy, of Diptera, 449 ; of 
HepuUmf 400 ; of Hemiptera, 540 ; of 
Lepidoptera, 319 f. ; of larva of Lepi- 
doptera, 828 ; of Lice, 600 
Internal nervures, 818 
Iodine, 213 
Ipides, 232 
Ischinm, 523 

tachnogasUrt 82, 88 ; 7. mellyit 87 
Isoderniinoe, 550 
Isomera, 190 
Issides, 676 

ItKofiiia, 346 ; 7. ptuio, 846 
Ithoniiidca, 346, 359 
Tficita, S46 

Ityraea nigrociHctUy 576 

Jassidae, 578 

Jiga, or mimic me,” 92 

Johnston'H organ, 442 

Jordan, on antennae of butterflies, 341 u. ; 

on Thysanoptera, 529 f. 

Jugatae, 366 
Jugiim, 316, 400 
Jugurthia, 89 • 

JulodM, 262 
Jumping-beans, 428 

KdUima^ 353 
Karbi, 63 

Kellogg, on Lepidopterous structure, 307 f. 

Kentish glory, 406 

KenMSt 597 

Knot-horns, 424 

Komarovia victoriom^ 99 

Koo-chah-bee, 504 

Kootchar, 63 

Ktgriorthoatnna, 70 ii. 

Korschelt, on formation of eggs of Eepa, 
564 

Klincicel d'Hercnlais, on Volucella, 501 
Kungu cake, 467 

Laap Insects, 581 
Labella, 443 
Labidw, 176, 176, 180 
Labium of Lepidoptera,. 310 
Laboulb^ne, on sound -production by 
Arctiidae, 410 


— ^ 

Lac, 597 
Ijocinia, 309 
Laciniata, 366, 484 
Laeon muriniu, 257 
Latoaoma ehiridoia, 878 
Lady-birds, 237 
Lagoa opereularia, 404 
Lagoidae, 404 
Laiftia hirta, 264 
La^idae, 264 
Fiake, colour, 597 

Lanielliconiio, 190 f. ; enemies of, 97 
Lamiides, m, 288 
Lamprosotiiides, ^9 
Lampyriiles, 248 
Ijami^yrU iMciilwaf 250 
Langelandia anophihalma,fiS13 
Ijangnriides, 237 • 

Lantern-flies, 575 
Laparosticti, 196 n. 

Laiihrittf 492 
Lapidicolous beetles, 205 
Tjappet-motb, 400 
Laricohiua, 253 

Larra anaihenun, 117 ; L, pompUifmmia, 
117 

Jjirraiht^ 117 ; L* modeata^ 118 
Larrides, 116 f. 

Larvae, of lieetles, 188 f., 188 ; of 0try8ia, 
3 ; of Dtiaypoda, 28 ; of Hymenoptera, 
7 ; of Lepidoptera, 323 ; of Sjphex, 109 
Lfisiocainpidae, 369, 375, 405 
Lasivrhynchna ftarhicamia, 297 
Laaiiia alienna, 140 ; founding nest, 146 ; 

L. fuligino»mj 138, 153 ; L, niger, 158 
Latridiidoo^ 240 
LoimHaa minniua, 240 
Latter, 0., on PiissTmoth, 384 
Issaf-cntting ants, 165 f. 

Leaf-nests (ants), 100 
Lacanium heaperidum, 594 ; L, oleae, 
417 ; L. peraime, 597 
7^m, 545, 578 
Legs, alsloiiiinal, 9 
Leidoa apinxbaibia, 204 
Lema tudamjKt, 281 
Ticmoniidae, 354 
I/Kin, on Iletaidiptera, 553 
Lepidoptera, 804 f. ; L. Hanstellato, U 
Laciniata, 366 
Leptalis, 846, 357 
Jjeptidae, 479 
Leptinidae, 220 
L^inillua, 221 
Leptinua teataeeua, 220 & 

L^tia acokpaeea, 441 , 481 
L^toeircua, 362 
Leptoderini, 221 

Laptogenya, 171 ; L, faddgaira, 171 
Leptoinaatax, 228 

oeeiwttfii, 161 
L^ Insects, 581 
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LetOt 397 ; L. venus, 396 
Lewsania Huipuwstaia^ 416 
Leuokart, on Mdcpha^ts, 519 
Lmuxupia, 46 ; L. gigaa, 44 
Leuthner, on OdmioUMst 198 
LSbythtOf S4S 
liibytheideo, 355 
Lioo, 599 f. 

Lignlm 16 
Limaeodea^ 489 

Limacodidne S70^ 401 ; parasite of, 4 
LimnoB ehryaippus, 845 
Limnichides, 242 
Limncbia intermedia^ 472 
Limnobiinaei 472 
LimorJtorea taumaa^ 840 
Limothripa dewticarniat 530 
Lindemaiin,iDn injnries from Thrips, 530 
Linfua, 16 
Litignla, 15 

Liotnatopum mierocephalumt 158 

Lipara lucena, 128, 401 

Liparidae, 406 

Liponeura hreviroatria, 465 

liponenridae, 464 

Lipoptena eervi, 5l8 

Liptana^ 356 

Lipteiiinae, 356 

LUa aolaneUa, 430 

Lithopkilfia, 239 

IdthoRiidao, 408 

Lithosiinae, 409 

Ltaveia axinna^ 598 

Lobster, 383 ; Ijobster-moth, 385 

ZoQMt nmoara^ 374 

TahMa grandia,, 549 

Lmmptera, 200 

Lmachnaa, 142, 225 

Loiichaeidao, SO 4 

Lonchopteridae, 490 

Longevity, 33, 185, 286, 306 ; of Cficada, 
569 ; of Mdolontha, 198 ; of Scmvbaeua, 
197 

Longiconis, 285 
Loopers, 411, 415 
Lonun, 14, 14, 16 

Lowne, on blow>fly, 449 ; on foot of 
Dytiacua, 211 
Lncanidae, 193 

fjueamu cervua^ 194 ; antenna of, 191 
Luciferase, Luciferine, 259 
iMcUiOf 511, 512 ; L. caeaart L. macd^ 
lariat L. aaricata, 512 
.Ludolat 249 ; L. iialimt 249 
Imdia flelegargueit 873 
Lumiiici^nce, 260, 258 f., 468, 469 
Lnnnla, 442 

Lutz,"on exudation of Coocinellldae, 2^8 
Lyeaena baatiea, 856 
Lyooenldae, SSS, 366 
Lyeides, 1848 

J^eorm, 846 % 


Lyctidea, 846 
Lygaeidae, 548 
Lymantriidae, 370, 406 
Lymexylon namle, 254 
Lymexylonidae, 254 

^yonnet, on anatomy of caterpillar, 324 u. 

Maehaerota ffttUigera, 678 
McCook, on honey-tub ants, 152 
Maerocneme, 389 
Nacroglonsini, 880 
Macrolepidoptera, 340 
Macronyehua qnadrituberculatua, 244 
Macrotoma heroa, 287 
Maggot, 449 
Midacbiidae, 252 
Jdaiachiua aeneuBt 202 
Malacodermidao, 248, 858, 266 
Malaxation, 110, 126 

Malpighian tubes, 320, 334, 429, 449, 460» 
466, 473, 529, 640, 588 
Mamillo enrtiaea, 378 
Man — see Manna 

Mandibles, of Lepidoptera, 308 ; of pupa, 
436, 437 

Mandibulata, 434, 536 
Mtiina, 597 

Manson, on MosqiAtoes, 468 
Manticora maxiUoaa, 208 ; tttberciilata, 
202 

Mamne, 377 
Marbled-white, 347 

Marchal, on embryonic dissociation, 70 n. ; 

on Ammophila, 111 ; on pigments, 834 
Margarodea, 595, 597, 698 ; Af. vitia, 693 
Marinibouda da casa, 118 
Mamina, 471 
Masaridae, 88 f. 

Maaaria, 89 ; M. veapifonnia, 88 , 89 
Mason-bee, 35 f. — see ChaZicodoma ; of 
New Zealand, 107 
Maaligiia, 223 

Matthews, on Hydroscaphidae and Cory- 
lophidoe, 228 ; on Sphaeriidae, 227 
Maxillae, of Lepidoptera, 809 
Mayer, Paul, on Hemiptera, 536 
Meadow-brown, 34^ 

Meal-worm, 263, 264 
Mealy-bugs, 592 
Mechanitidae, 348 
Medatcrua amhiguua, 498 
Median nervure, 818 
Megacephala, 201 

MtgwhUe, 35, 51 ; Af. alboeincta, 62, 63; 
M antharacina, 62 ; M, faaciciUala, 52 ; 
Af. lanata, 58 ; AT. proximeh 53 
Megalopides, 879, 282 
Megalopygidae, 404 
M^folplnta graaUia, 490 
Meganoatma, 548 
Megarrkina, 445, 467 
Megascelides, 879 
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yffgasoma^ 199 
Mtgaihynviu, 371 
MegiHorhyndius tongifogtrist 486 
Meyere, on stigiiiata, 460 
Meinert, on Anoplura, 600 ; on mouth of 
Diptera, 444 ; on paedogcnesin, 461 ; ou 
Slylopa, 302 
Melandryidae, 266 
Melanism, 414 
JfftoniMs, 361 
AielanopkUa decoaligmat S61 
MeiUcta, 31, 33 ; M, IttctuoM, 31 
MeliboeM^ larva» 365 
Mdigethea^ 232 
Melinaeaf 351 

MdipofMj 5Si 68 ; M. scHteilann,. 64 
Mditam, larvae, 354 
Mellifera, 10 

Mdlinua^ 123 ; M, arvensist 123, 184 ; M, 
aakfuJUmu^ 124 
Mdoe, 33, 274 
Meloidae, 269 
Mcloides, m 

Mdclontha vxdgarist 194, 198 
Melolonthides, 196, 198 
Mdopkagua ormus, 518, 619 
Melofhoruft 153 

Melyridae, 252 • 

Membracidae, 576, 6^8 
MtmhmciafUUUu, 577 ii. 

Membrane^ of Heraiptera, 539 

Menorhynchoua, 542 

Merodon eqwgiriaf 501 

Merrifield, temperature experiments, 337 

Mesodont, 193 

Mesopbragma, 312, 445 

MeRoscutellum, 312 

Mesoscutum, 311 

Mesostenium, 807 

Meao^ia, 551 

Mesozoic beetles, 261 

Mesaor, 164 

Mdamorpha, 851 

Metamorphosis, 529 ; of Aleurodidae, 591; 
of CioadcL, 571 ; of Coccidae, 594 f. ; of 
Diptera, 452 ; of Hemiptera, 642 
Metapnenstic, 450 
Metascutellum, 313 
Mdhoea idineutnonidea, 96 
Metochy, 183 
Mdoeeua paradoxua, 268 
Meyrick, classification of Lepidoptera, 
367 

Miaaimr, 461 

Mice, insects in nests of, 221 
Micron, 601, 608 

Microlepidopte^ 840, 427 ; trophi, 309 

Micropezidae, 604 

Microphysides, 560 

Micropter^ 884 

Micropterism, 649 

Micropterygidae^ 869, 436 


Mieropter,iil, S07 f.. 317. 819, 887, 

«SB, «S6 

Mtdge, 461, 470 
Migration, Aphis-, 685 
Mi^ on Htlura, 493 
Milichiidoe, 604 
MiUograimtiM, 508, 121 
Mimacraea, 356 
Minieaa Uoolor, 188 
Mimesides, 127 

Mimicry, 337 f. — see also Kesemblaiice 

Mines, Dipteron in, 474 

Miacophua, 116 

Models, 346 

Moesa-blight, 661, 662 

Mollusca, eaten by beetle -lun'ae, 252; 

larvae mistaken for, 501 — see also Snails 
Moloaaua, parasite of, 560 • 

Monarch -batterfly, 345 • 

Mmda rhabtlcpkora, 893 
Monetnajlaveace-nat 4 
Monies, on fertilisation of Coccidae, 594 
Monodoniomerua nitidua, 44 
Monohammna cmifuaua, 286 
Monomera, 544 
Mouommiilae, 265 

Mommvrium, 560 ; J/. phm'oonia, 163 

Monotoniides, 240 

Montemniia diwidiata, nest of, 83 

Mardella, 268 

Monlellidae, 267 

MinddliaU-iM fiondenaia, 268 

Mwmdyca, 205 

Mormolycides, 806 

Morphides, 348 

Morpho, 315, 331, 349 ; M. vwndmia, 818; 

if. achiUea, M, epiatropliia, larvae of, 349 
Mosquito, 466 f. 

Mosquito-bees, 61 
Mosquito-blight, 562 
Moth-flies, 470 
Moths, 366 f. 

Motuca fly, 482,' 122 

Mouth, aWnce of, 310, 443, 489, 614, 
515, 585, 696 

Mouth-iwrts, of Diptera, 442 f. ; of fleas, 
523 ; of Hemiptera, 534, 686 ; of Hy- 
menoptera Aculeata, 13 ; of Lepidoptera, 
807 f. ; of Uce, 699, 600 ^ 

Mud-dauber, 113 
Miiggenbuig, on Mdophagw, 518 
Miiller, Fritz, on Imbauba-aiit, 158; on 
Trigona, 64 

Miiller, H., on Dasypoda hirtipea, 27 
Miiller, W., on Iteuth American larvae, 
344 n. 8 

Miillerian mimicry, 839 
Mundstachel, 627> 628 
Murray, A., on Lice, 601 
Muaca damakica, 611 
Muscidae, 611 f., 617 ; M. Acalyptratae^ 
603 f. ; Calyptra^, 448, 604 
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Musotimidae, 423 
Mustiliidae, S76 

MwtUla^ 04, 96 ; M, europaeaf 94 
Mutillldea, 94 f. 

MyctUiML hirta, 239^ 240 
Mycetaeidae» 239 
MyeettXm paUipes^ 462, 463 
Mycetophagidae, 237 
Mycetophilidae, 462 
Mydaida^ 401 
Mygnimia^ 105 
Myiasis, 612 
Myi^ropa florea, 499 
Myioda^ tip^Uitiiii, 667 
Myoditini, 267 
Myopiiiae, 497, 498 
Alyrapetra, 82 
Myrmecia, if I, 172, 178 
Myi%MOcy8hi8 hortidf/mivi, 152 *, M, wd- 
liyer, 152 ; M. inexicaniu, 162 
Myrmecodta^ 139 
Myrmecophiloua insects, 181 f. 
MyrmedoniOf 226 

Afyrmiea laevinodis, 148 ; M. ruhra^ 133 ; 
M, nibrat races rttginodis^ HcabrhwdiHt 
168 

Afyrmieidea, 168 
Myrmicini, 159 

Nabidea, 566 
NaMa laiictiUrU, 566 
yaoerdes indannra, 266 
Xadia ancilla, 390 
Nagaua, 613 

Nagel, on digestion by ii^jectioii, 212 
Nagoda nigrioanSt 401 
NamaeUafunyiy 228 
Nassonoff, on Strepsiptcra, 301 11 ., 302 
Naucoridae, 665 
Necrtbia ruJUdUis^ 268 
yecraphorua, 221 
Nectar, 18 

Seleua interruptus, antenna, 191 
yietnatcbola (nihotrieha, 481 
Nematodes, in Thysanoptera, 680 
Nematoia meiaUtais, 321 
Nemeobiides, 365 
Xmedlnua lucina, 336, 365 
iv^mes^Tia, 455 n. 

Nemestrinidae, 484 

Nemocera, 440 ; N. Anoniala N. Vera 
466 

ymognatha, 304 
Nemosomides, S33 
Neocastniidae, 372 
Neolepido^wra, 366 
NeoitTopidiM, 346 
Nipa^ 641 ; iV. einarea, 563 
Nepidae, S44, ff68 
yiptieuia, 481 

Nervous system, Ckdeoptera; 191 
Nervnles, 819, 429 % 


Nervuration, of Diptcra, 447 ; of *Lepi- 
doptera, 317 f. 

Nervures, 818 , 819 ; development of, 329 
f. ; swollen, 347, 348 ; of £umanea, 73 
N^, of ants, 186 f., 166 ; of yormica/usca 
andAdenopsu/uffoXflSJ; of PorpAyrat* 
pig, 284 ; of wasps, 79 f. 79 , 81 , 83 , 87 
Netrocera, 34J n. 

Neuroblasts, 453 

Newbigiii, Miss, on pigments, 834 

Newport, on Jia/oe, 270 

Nicagini, J93 

Nicolas, on Haliciug, 24 

Nilionidae, 266 

NUidiOtt, 232 

Nitidiilidae,231.;?35 

Noctuidae, 311, 370, 4 IO, 411, 414 f. 

Node, 131 , 134 

Nolinae, 409 

Nolidae, 410 

Noinada, 30 ; xV. lathburiaHa 30 ; X. 

sej^ascuUti, 30 
Nonne, 407 
Nopal cactus, 698 
Nosofleiidrides, 343 
Notacyrtua, 558 
Notodontidae, 806 , 383 

Notodontiiia, 

Notouectidae, 567 

Number of species : of Apidae, 10 ; of 
Biitterdies, 343 ; of Coccidae, 593 ; of 
Coleoptera, 184 ; of Diptera, 438 ; 
of Fleas, 626 ; of Hemiptera, 543 ; 
of Lepidoptera, 306 ; of Lice, 600 ; of 
Tlirips, 527 
Nun, 407 
Nurses, 66, 134 
NycidUmmi, 419 
Nyctemeridae, 409 
Nycteolinae, 410- 
Nycterihia, 621 , 622 
Nycteribiidae, 621 

Nymph, of Cicada, 669 ; of Thrips, 529 
Nympha inclusa, 452 
Nymphalidae, 341, 348 L 
Nymphidides, 361 
Nympliipara, 618 

Nymph'ida atagnata, AT. atmtiotaiu, 423 
Nyaaonidea, 123 

Oak-Pruncr, 286 
Obtnsilingnes, 30 
Oceanic bugs, 662 
Ocelli, 826 ; 0. compositi, 325 
Ochthiphilidae, 504 
Ocntfia, 407 n. ; O. dupar, 408 
Omurodea, 489 
Ocnogyna, 409 
OcypuB oUna, 226 
OdorUolabia aiTienaia, 193 
Odontomachi, i7i, 173 
Odour, of bugs, 641 
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OiyntriM^ 74 f., 269 ; 0. a^UiU^ 76 ; 

' 0 , caUaauSt 76 ; 0. panettinit 8 ; O. 
pundwmt 77 ; 0 . reniformis, 78 , 75 ; 

0 . i^nipes, 8, 76 
Oecoceeia gtiyondla, 430 
Oeeodoma, 137, 164, 165 ; Oe.eep/M[otea, 188 
Oeeophylla muinxgdina, 147 
Oecophorulae, 429 
Oedeagus, 814 [recte aedeagua] 
OedeuMUopoda prineepa, 887 
Oedemeridae, 266 
Oestridae, 514 
Oeatnta wia, 517 
Ogeodea, 489, 490 
Oil-beetles, 269 
OinophUn v-Jlamm, 430 
Oletlireutidne, 4^7 
Olibrua hicolor^ 831 
OUgarces^ 461 
Oligonephrous, 542 
Oligoneura, 461 
Omniatophorinae, 414 • 

Oneideres, 286 
Opefia, 496 

(^iderea fiUlmtaat 311 
Oponiyzulae, SO 4 
(ipoaUgOy 429 ^ 

Orange-tip, 357 — see also Kwhloe 

Orectoehilm, 216 

Orata hyaladiacttf 400 

Origin of parasitic liees, 32 

Orneodidae, S 40 , 37U 426 

OmiihapUra, 360 ; 0. brookunut^ 362 ; 0. 

paradiaea, 860 , 861 , 362 
Oi^lniephilidae, 470 
Ortalidae, S 04 , oOO 
0 rttdia,%M 
Orthqgenya, 494 
Ortheziat 541, 598 
Orthogoniua^ 206 

Orthopmia iUomariua, 0, brunnipea^ 888 
Orthoptera, 533 ; parasite of, 497 
Orthorrhapha, 454 ; 0. Brachycera, 478 f.; 

0. Nemocera, 455, 458 f. 

Oryctea nuiakornia^ 199 
Oscinidae, 504 
Osmeteriiim, 363 

Oamia^ 47, 48 f. ; enemy of, lOO ; hair of, 
11 ; O. eyanomwtfuu 32 ; 0. Uucomelana^ 
29 ; Ot tricamia, 48 ; 0. tridentata, 48 f. 
Oaten Sacken on Bugoiiia, 499 ; on 
Chaetotaxy, 446 ; on classification of 
Diptero, 456 ; summary of Port- 
scliinsky, 512 
Othniidae, 265 
Otiorhynchide^ 437 
Otirocnmis^ 855, 366 
Ovaries, 541, 602; ill larva, 825 
Oviduct, 880 , 321 

Oviposition, of Cicada, 571 ; of yoionacta, 
667 ; of TacMm, 507 
Ovipositor, 436, 506, 531, 589 


Owlet-moths, 414 
Ox-warbles, 517 

Oxybdua, 129 v - 

Oxyohirotinae, 425 
OsMuides, 214 

PacJiypiiStW . 

Packard, on Hymenopterons ' 

phosis, 7 

Pad, of Lepidoptera, 314 
Paedogeuesis, 303, 461 
Pagiopoda, 544 
Pidaeolepidoptera, 366 
Palaaomiera, 436 ** 

Falaeotropinae, 347 
Palaeozoic Insects, 811, 542 
Palmer-worm, 823 
Palpicomia, 319 * . 

PaUoatotna, 465 
Paliiatm, 877 
Pangmia longiroatriat 488 
Panonwea, 287 
Panurgides, 20 

Papilio, 359 ; P. ajax, forms of, 885 
•anthiuichua, ^62 \ P^aalmoxia 862 't‘- 
Papilionidae, 343, 357, 869 
Paixtcelyphua, 008 
Pamgia, 89 

Parallel series in Aphidae, 585 
Parandm, 288 
ParapompUtta graveaii, 105 
Paraptmera clavata, 172 
Pamponyx, 423 
Parapterl^ 312 

Parasites, among ants,. 188; of mason-- 
bee, 43 ; Of larva of Aiidrana, 86 ; of 
Odynenia, 76 

Parasitic, bees, 28, 29 . f. ; Proaqpia, 82 ; 

Dfpteri^ 507 
Pamayacia, 175 n. 

Partnvla, 501 . 

Parnaaaiva, 3^, 862 
Paniidae, 319, 248, 366 
Pamopca canieot 4 

Pamna, 244 . k 

Parthenogenesis, 24, 85, 86, 396, 480, 4603 
630, 588, 594 

Parthenogenettc young, .139 u. 

Passalidae, 192 ; larva, 192, 363 
Paaaaloeeua, 128 
Patagia, 311, 312 
Pattern, formation of, 385 
PatfUa, 414 
Pauronietabola, 642 
Paussiilae, 301, 218 
Pauaatia eephalUea, etc., 214 • 

Pavonia, 860 
Pea- weevil, 877 
Peacock butterfly, * 

Peal, on sound-producing ant, 156 ’ ' 
Peckham, on Fossores, 180 U. ; on in* 
stinct/^O, 99 
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PeeUnicomiat 194, 

Pedieinus, 600 
'Pediciilidae, 690 

P€dictau8 aipUis, 600, 601 ; I\ mtHUae, 
274 ; /*. veatinMniti, 601 
PedUidae,m’ 

/ PedoBcle, 133, 134 
' "i^lOromyia inanU^ 70 
Pelobiidae, 207 
PdobiitB tardm, 208 
. Pelogonidae, 562 

' Pdopama^ 110 , 112 n. ; T\ hUineta^is^ 

‘ 114 ; P. UulMH, 113, 117 ; P, madra- 

. t^^anus, 113 ; P, ^irifext 112 
, P€Ua8tiUa,2i^ 

Peltidea, 233 
' Pempkigutt, 589 
; P^phmlmiHuynbrfs, 108 
; Ftopbredonides, 127 
' POnis, 814 
itf^^tamcra, 190 
ItPentanephria, 466 
t'PtniaUmia, 541 ; P. mtjipta, 536 
^^Plntatoinidae, 688, 545, 546 

u, 104, 389 ; l\fornio»ua^ 105 
ion bee-parasltiim, 32 ; oxxlialidus ^ 24 
m caneacenst 470 
>inae, 409 
muu 401 

Pi 

Peripneustic, 450 
Feritnusheal spai^es, 332, 883 
Ptekins, R.C.L., 011 1)ko and acarid.sym- 
biOBis, 70 ; on Odynenta, 76 ; on PmKgna, 
21 

Peropkora haJUai, P. xnel^thaimei'h 377 ; P. 

‘ aaitguinolenUif 879 
Perophoridae, 377 
, PerothopideB, 260 

Peytoureau, on inan>hology of abdomen, 
> 613, 814 
‘yPhaeiain, 337 
.^alabridae, 231 
^ Phalaerocera n?^icii/«,*474 
' pbaloniadae^ 4^ 

Phaintuim aj^antdidxduat antenna of, 191 

Pkaiynz, 800 
4^imudinae, .892 
166 

Phnddogdm hxborimu^ 150 ; P. diveraua^ 

. 

Phdaaa^ 675 

Phmg(4u hi«T(niymit 049 
^li^engodini, 251 



spuniaHua^ 577 
' li&« 


. ftOnnl 


nthTdes, 124 f. 

'pkUmdhua 'apivo^ 127 ; Pk triangvlmU 

• 195 ' 

PMleufua didymtu, antenna, 101 
Pkitianthus ntf ufua, 006 
PklMotMU, 470 
Pld^ eorUeata, 646 ^ 


Phloeides, 546 

Phloeotluipa /ruxneniariiM, 530 
PhobUronpUheeium, 403 
Pltompate^ 246 
Phoridae, 494 

Phoaphaamia hemipterua, 249 
Phosphorescence, 250 — see also Lumin- 
escence 

Phragnia, 307, 313 
Pliragniooyttares, 81 
Phthanoearia^ 643 
Phthiriasis. 601 
Phthiriua inguinalia^ 601 
Phycitidae, 424 
Phycodromidae, 504 
Phyllocniatia^ 431 
PhyUvmorpha ladnuda^ 647, 548 
PkyUorhina^ parasite of, 520 
Phylloxera^ 587 
Phylogeny of butterflies, 843 11. 
Phymatidae, 554 
Phymatojnia^ 399 
Physapoda or Fhysopoda, 531 
Phytoniyddae, 504 
Phytophoga, 190, fSS7, 276 f. 
PhytopdUnires, 544 
Phytoscopic eflectg, 336 
Pierella, 348 
Pieridae, S 4 I, 367 

Pieria bmaakae, 840 ; development of wing; 

808, 809, 883 
Piesma, 550 
Pigments, 330, 334, 357 
Pilifer, 808 
Pilbbeetles, 242 
Pinariilae, 405 
Piophilidae, 504 
Pipunculidae, 496 
Pipunculnay 406 
Piaon, 118 
Pit-falls, 481 
Plagiolepia (rmeiii, 153 
Plagithmyava, 287 
Plant-licf, 581 f. 

Plants aiid ants, 183 
Plataspides, 545 
Platycuema, 496 ■ 

Platypeaidae, 496 
Platyphord htSboeki, 495 
Platypides, 289, 295 
Platypsyllidae, 219 
PlatypayUua caatoria, 019 
PkUyaoma depreaaim^ 080 
Platystomida^ 504 
PUa minyiiaaima, 567 
Pliny, on Mason-bee, 44 
Pkiaria p(Ulida, 656 
Plume-moths, 426 
Plumules, 831 
Pluaia, 415 
PocAosio, 576 
Podttegidae, 92 
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Poeciloeampa pcpuU, 406 
Poecilocapsua HttetUas^ 542 
Poecilocyttares, 81 
Pogonomyritiex haa^ua, 164 
Pogonoatoma, 208 
Poison, of Ilymenoptera, 7 f. 

Poison-glands, 2 

Poisonous caterpillars, 876, 403, 404, 405 
Polistea, 86 ; P, and Stylops, 801, SOS 
Pollen-gathering and -carrying, 11, 12 
Polgbia, nests of, 81 , 82, 83 
Polgcteiuafurnarius, 060 
Polyctenidae, 560 

PolyergtM lucidus, 151 ; P. rit/eaeena, 100 f. 
Polymorpba (Coleoptera), 1S9, 190, 213 f. 
Polymorphism, 139 f., 143 
Polyphyliafullo, antenna, 191 
Polyploca, 386 
Polyplocidae, 886 
Pdyplocotes, S4S 

Pdyrhaehis, 155; P, pandurus, 106 ; /*. 

ignnigem, 138 
Poinpilidae, 93, 101 f. 

PoMinlits, 108 ; P. poliatoides, 104 ; P, 
aericeua, 106 

Ponern vontrarln, P, ergataivdrM, P.puiicta- 
tiaaima, 172 « 

Ponerides, 132, 170 f. 

Porphyraapia triatia, 284 
Porphyrophora pdmioa, 597 
Porrorhynch^ia, 216 

Portschinsky, on habits and <levelopnient of 
Muscidae, 507, 512 
Post-inetamorphic growth, 141 
PoKt-scutellum, 807 , 312 
Potainogeion peclinatua, beetle on, 280 
Pvtamophilua acumimUiia, 244 
Potassium hydroiide, 328, 384 
Potato-beetle, 278 
Pouch, abdominal, 350, 362 
Poulton, on colours, 339, 336 
Pnecostal nervures, 319 
Praescutum, 312 

Pratt, on imaginal discs, 453 n. ; on J/r/o- 
phityua, 010 

larva, 854 

Prey, of Fossores, table, 92 

Pria duleamame, 282 

Primitive, beetles, 251, 252 ; Diptera, 475 

Pri/ocnemia n^nia, 0 ; P, hicdlor, 107 

Priodont, 193 

Prionides, 287 

Proboscis, 13, 14 , 16, 17 , 804, 807 , 309, 
311, 448 , 482, 485, 532 
Processional maggots, 464 
Processionary caterpillars, 376, 408 
Prodoxidae, 432 ; mouth, 309 
Prodoxua, 438 
Pro-legs, 823 

Prolific, Aphids, 589 ; Coccids, 594 ; 
ITepialua, 397 ; Lice, 601 ; Mdoe, 274 ; 
JSCylqpa, 301 


: IT" 

Prominents, 383 

Pronnha, 321 ; P, ywcaadla^ 432 ; 1\ ayn- 
ihatka, 482 
Pronymph, 453 
Prop!^eum, 181 , 133 
ProiH>li8, 63 
Propygidium, 187 

Proaopia, 21, 22 ; hair of, 11 ; proboscis 
of, 17 ; I\ aignata, 21 
Protection, 43, 418 ; of trees by ants, 
158 ; of plant by ants, 168 
Proterhinidae, 298 
Proterhimia feconiei, 298 
Protolepidoptera, SSO 
J*ro(oparce Carolina, 309 
Protapanaaita, 214 
Paanimorycter ixt'tnileo^ 481 
Pselapbidae, 223 ; and ants, 182 ^ 

J*aen otrattia, P, concdar, 127 
Paepftenua, 244 
Pseudholoptic, 440 n. 

Pseiidocorylophidac, 228 
Paeudodiclhntlia, 180 ; P. incerta, 177 
Paeudodojcia limuhta, 431 
Paeudomena graeca, 99 
Pseudomorphides, 306, 205 
Paeudmnyntm hicolor, 168 
Pseudomyrmini, 168 
Pseudoneuroptera, 

Pseudopaedogenesis, 303 

Pseudopod, 188, 264, 267, 290, 449, 492 

PaevAtupotUia paradaiea, 357 

Pseudo-pupa, 271, 273 

pHcudotetrainera, 190 

Pseudotriniera, 339 

PaeAtduveapa, 88 

Pseudovariiini and Psendovum, 584 
Pseudovitellns, 588 
Psilidae, SO 4 . 

Pailigloaaa, larva, 8 
Pailocephala, 484 
Pailura wwnaeha, 407 
Pailhyrua, 63, 67, 59 f. ; P, eampeairis, 
60 ; P, veaialia, 60 
Psocidae, 248 
Paydit helix, 394 
Psychiilae, 369, 392 
Psychina, 39J^ 393, 404 
Payc/uHla, 466 
Psychodidae, 470 

Paylla pyricdla, 579, 580 ; P» awxinda, 
P,huxi,666 
Psyllidae, 578 
Pterocheilna, 76 

Pte/rodxcta, 400 ^ 

Pterophoridae, 371, 425, 340, 42o 
PCerophoriiiae, 426 
Pteroatiehua, 205 
Pterothysanidae, 369, 406 
Pterygodes, 312 

Pterygogene^ 542 » 

Ptilinuiu, m, 508, 520 
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PHHnus peetimieorma, 253 
PHloenenms aidmciia^ 557 
PtUfnMum, 895 
PtUomtfra UUica'udtUa, 553 
Ptinidae, 246 

PtmmphUa laerynwaay 228 
Ptych^tera, 

Ptychopteriuae, 472 
Ptyelua gofidoti, 577 
Pugp, 411 

Pvlex avitmt P, irritana, P. serratieeps, 
526 ; P, obtusiceps, 525 
Pnlicidae, 522 f. 

Pidiciphora luc^erOt 495 
Pulvillus, 446 

Pupa, of beetles, 188 f. ; coarctata, 452 ; 
obtecta, 227, 327, 451 ; defioNiting 
eggs, 469^ hairy, 407, 426 ; of Lepi- 
(Aptera, 826 f. ; \nt\i mandibles, 436 
Pupariiim, 452 

Pupation, of Badamia, 865 ; of Pamasaim 
and ThaUf 363 
Pupipara, 466, 613, 517 
Purple emperor, 844 
PuBci, 504 

Puss-moth, 328, 888 , 406 
Pygidiiiin, 187 
Pyralidae, Sg), 370, 420 
Pyralidina, 430, 4^^» 

PyrameU (dalanta^ 353 ; P. cardui, 353 ; 

P. tammeaimt, 853 . 

Pyraustidae, 421 
Pyrochroa ruhena, 266 
Pyrochroidac, 266 

Pyrojifionutf 258 ; P, noctilucus, 259 
Pyrrhouoridav, 548, 549 
Pyrrhoan’is apterua, 535, 549 
I^'hopyge, 364 
Pythidne, 265 
Pythu depreaaua, 266 

Quarieniat 80 
Queen, 66, 67, 69, 140 

Races, of Apia, 68 
Radial iiervures, 819 

Raffray, on Pvgonoatoim, 204 ; on classi- 
flcation of Paussidae, 214 ; 011 classihca- 
tlbn of Pselaphidae, 224 
Railway-beetle, 261 
Jimiatra Ivnearia, 568 
Raptorial legs, 493, 554, 556 
Reaumur, on Xyloco^ 33 
Receptaculiim seminis, 140 
Ractal cauda, 638 
Bed adiAral, 353 
Bed ant—see F&rm/ica rufa 
Beduriidae, 665 f. 587 
JUdnviua peraonatua, 558 
R4gimbart, on Oyrinidae, 216 
BeNmblance, between ant, wasp, and 
spder, 169 ; between AtUbtlphiiu and 


Bominta, 88; between Aretia viUica 
and Baatmia mUicoidaa, 410 ; between • 
beetle-larva and Termite, 206 ; between 
Bombua and KvUma, 85 ; between Bom- 
byliidae and Hymenoptera, 489 ; between 
1]>ug and ant, 556 , 557 ; bug and Tipulid, 
556, 658 ; bug and fly, 647 ; in butter- 
flies, 848 ; Iwtween Callidulidae and 
Lycaenidae, 400 ; between Cdyphm and 
Hemiptera, 505 ; between Cleridae and 
insects they destroy, 254 ; between 
Dioptinae and Ithomiidos, 409 ; between 
Diptera and Hymenoptera, 499, 500; 
1)etween Kpkopeia and PapUio, 418 ; 
between Flatides and Lepidoptera, 576 ; 
of flies and bees, 502 ; to gaUs, 403 ; 
between host and parasite-bees, 80 ; 
between Insects of different Orders, 339 ; 
of Ithomiides to other butterflies, 346 
between lady-bird and Endomy chid, 287 ; 
of larva to a colony of larvae, 418 , 
of larva of Odynenia and of Chryaia, 4 ; 
between larvae, 162 ; in Limacodidae, 
401; of Ijobster caterpillar, 385 ; between 
Longicoms and Hymenoptera, 287 ; 
of moth to binl-excrenient, 401 ; of 
parasite and prey, 95 ; ofPericopinaeand 
Hellconiules, 409 ; between protected 
butterflies, 845 ; between Paithynis and 
Bmnbua^ 59 ; of Reduviid and Pepaia, 
558 ; lietween Rhyphm- and MycaUibia- 
larvae, 463 ; of SyntOTnids to other 
Insects, 388 f. ; of Tipulids and Hymen- 
optera, 475 ; between two kinds of 
ants, 162 
Resting-larva, 306 
Retinaculum, 316, 819 , 420 
Retort-shaped bodies, in mouth of Hemi- 
}>tcra, 585 

Reuter, E., on classificaiion of butterflies,. 
343 n. 

Bhajchicenw, 480 
Rfutgovdia plvnibea, 552 
RhaphiorhyfU'hua, 483 
Rhegmatcphila (/■iphia, 805, 386 
RheumatdnUea b^rothi, 668 
Bhinomar.erides, 291 
Rhimpa'-a, 115 ; R, rujicomia, 169 
Rhinoaimua, 266 
Rhipieera vnyahidna, 266 
Rhipiceridae, 256 
Rhipidiini, 267 
Rkipidiijptera, 543 
Rhipiphoridae, 267 
Rhipiphorides, 268 

Rhipiptera, 298 [in error for Rhiphiptera]; 
Rhixaphay ua, 333 
Rhissotrogua^ 191 
Rhodmuura, 

Rhogniua, 179, 180 
Rhopalocera, 840, 841 f. 

Rhopalimdua angtutioollia, 206 
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Rhopalomerldae, 004 
; BkopaJUi^nia poeu^ 100 
Bhopalosomides, 100 

Hhygitkitm bruuneum, R, camatiewn, Jt^ 
nttidulujiit It, qeulatuvh 77 
WiynehUes betukitt 201 ,^ 292 
Rhynchifcides, 291 
Rhynchophora, 190, 277, 288 f. 
Rhynchophoroua series, iiO 
EhynchfisyUa pukx, 626 
Rhynchota, 632 
Rhyphidae, 478 
Rhf^ua, 468 
Rhysodidae, 201, 284 
Riley, on Epieauta, 270, 271 ; on spernia- 
thecsl b^ies, 321 ; on Yucca-moth, 
432 

Ripidiiu peelinieomis, 260 
Rippe, of Schaffer, 384 
Robber-flies, 491 
Rose-chafers, 200 
Ro«ema, 401 
Rostrnin, 291, 472 

Rothney, on A mpultue, 115; on Shun, 
169 ; on Sphex, 110 

RotliHchild, N. C., on morphology of fleas, 
523 n. 

Royal jelly, 66 • 

Roziien gongylophara, 167 
Ruby-wa 8 ]^s, If. 

Runiles, S42 
Rutelides, 19/i, 198 

Saccodtres, 558 ;>*Si tnherculatus, 037 

Saecus, 814 

Jicujm splmdida, 279 

Sagridcs, 279 

Saida, 560 

Saldidae. 5U, 662 

Salivary, dnct, 820 ; gland, 820 

Sand-flea, 525 ; -flies, 477 

Saperda populma, 280, 286 

Sapromyzidae, S04 

Sapyga qninquepmtctiUa, 100 

Sapygides, 99 

Sureuphaga, 510 ; S, carmria, 510 
Sarcopliagidac, 510 

SareophUa magmjit'tt, «SL ^mddfahtii, 510 
SarcopHylla gMinaoea, S. penelmun, 525 
Saiginae, 479 
Sawpoda, 32 
Sarrothriptui, 410 

Sasaki, on parasite of silkworm, 508 
Satumiaf 307, 310 ; S, pavonia, 313, 374 
Satnrniidae, SOS, 372 
Satyrides, 347 
Sanba, or Saiivo, ant, 137 
Saunders, EL, on feathered hairs, 11 ; on 
proboscis of bees, 16 

Saunders, Sir S., on Hymeuopterous larvae, 
8 

Scale, 181, 133, 315, 467 ; development 


of, 329 £ ; -formation, 383; -holdltr, 

381 

Scale-Insects, 692 f. ; enemy of, 866 , 867, 
417, 426, 480 
Scalpella, 448 
Scape, 441 
Scaphidiidae, 229 

ScaphUmm agarieinum, 229 ^ 

Scaphium, 814 
Scapulae, 812 
Sca»1>aeidae, 194 f. 

Scarabaeini, 196 
Scarabaena aaeer, 196, 197 
Scatoinyzidae, 60b 
Scatophogidae, 60b 
Scaiopae, 477 

Scdiphrqn, 112 ; iSL nigripes, 91 
Scenopinidae, 484 4 

Schaffer, on structure of wings aud uer- 
vnres, 830 

Schiddie, 544 ; on Aiiopliira, 599 f. ; on 
Uenriptera, <543 

Schistocerca peregrim, enemy of, 506, 614 
Schizoearpus mingaitdi, 220 
Schizometopa, 60b 
Schizonf ura, 589 
Schizophora, 455 

Schmidt-Hchwedt, on Ranacia, 280 
Sehoenbergia, 860, 861 
Scboenobiinae, b^ 

SciapteroT^ 387 

Sciara militaria, 464 

Sciomyzidae, 60b 

SciophUa nniiatic^data, 462 

Seolia bifasciata, S, hziititiori'hoidalia, 97 

Scoliidae, 93, 94 f. 

Si.'oliidc 8 , 97 f. 

Scolytidae, 294 
Scopariidae, b21 

Scopariinae, b^l , 

Swpdodes, 401 
Scopulipedes, 20, 82 f. 

Screw- worm, 612 

Scudder, on butterflies, 548 

Scutata or Sciitati, 640 

Scntellerides, 645 

ScMligaa, 501 

Scutellum, 807, 312, 537 

Scutum, 807 ; S. proboscidis, 448 

Scydiiiaenidae, 223 

Scymnites, 238 

Scymnua minimua, 288 

Seasonal dimorphism or variation, 835 

Seitz, on Syntomid resemblances^ 888 , 889 

Semi-loopers, 415 

Seminal duct, 821 2 

Semi-pupa, 271 

Semper, on development of wlog^ 388 ■ 
Sense-organ, 442, 448 ; thoraoioo-abdo* 
minal, 414 ; in Uzeniidae, 419 
SepBidae,504 
Swtearia 91b 
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Seroot-fly, 482 
3erHconiiB| 189^ SIS, SSS 
Sim, 887 ; S tcaiiaisfonais, 821 
Segiidae, 886, SS8, 370 (for Syntomidae), 
889 

Setae, 684 f. ; aerostatic, 408 
Setina, '410 

Seventeen>year Cicada, 669 
Sex, differences, 92, 96 ; production of, 
32, 67 ; in larva, 325 
SexuparouB, 686 

Sharp, on*clas8iflcation of Dytiscidae, 218 n. 
Sheeps bot-fly, 617 ;■ -tick, 618 
Shield, 692 

Shoulder, -lappets, 812; -tufts, 812; of 
wing, 819, 816 
Stagma, 206« 

Siculadidae, 428 

Siebold, von, on Strepsiptera, 301 
Siga$u minnticaimay 568 
Sight, of Pompilus, 104 
SUk-glands, 826 

Silkworm, 876 ; affected by parasitic fly, 
807, 508 ; Madagascar-, 406 
SUpha, 221 ; SUpha atmta, SL laevigata, 
S. lapponiea, 222 ; & dbacura, 222 ; S 
epaea, & thoradca, 222 
Sil^hidae, 221 f., S6S, SS€ 

Sima, 168 ; S Uxiape, stridulating organ, 
169 ; S, rnffmigm, 160 
Simuliidae, 477 
Simtdimn columbaczenae, 477 
Shwdendron eylindricmn, 194 
Siphon, 668 , 681, 689 
Siphonaptera, 622 f. 

Siphonophora, 289 
Siphnncnlata, 600 
SUaria, 38 ; S humeralis, 272 
SUodr^a, 247 
Skippers, 368 

Slave-making ant, 149, 150, 168 
Sloth, 430 
Slng-woVms, 402 
Smallest Insect, 228 
Smerinthini, 880 
Smcrinthiia ptpftdi, 809, 881 
Smith, F., on Mdlintia arvensis, 128 
nsils, enemies of, 205, 222, 610 ; parasite 
of, 495 

Social, bees, 85 ; wasps, 78, 84 
Socialea, SO, 68 f. 

Solanum dulcamara, beetle on, 282 
Soldiers, 182 
Soldier-ant, 150 
SoleHoiiajm95, 430 
Solenopaia/tigax, 187 
Solitary wasps—see Fossores and Eume- 
nldae 

Song, of Cicada, 672 
Sorwia, 282 

Sound-organs, 448 ; of 864 ; of 


ffceaUaia, 871 ; of Cicada, 578, 874 — 
see also stridulating organs 
Sound-production, 156, 166 ; by Acgoccra, 
411 ; by Arctiidae, 410 ; by Sphiiigidae, 
882— see also Strldulation 
Spf^acopsini, 286 
il^tula, 459 

Spencer, Herbert, on Weisinauu, 148 
Spercfuua emarginatus, 218 , 219 
Spermatheca, 880 , 821 
^ennophila, 506 
Sphoeridiides, SIO 
Sphaeriidae, 227 
Sphaeritea, SSS 
Sphabritides, 229 
Sphaeriua acaroidea, 227 
Spbaerocarides, 279 
l^hccia, 387 
Spheciua apedoaua, 123 
Spftccodea, SI, 22 ; S. gibbua, 23, 28 ; S, 
Tubicuudna, 22 ; aubgiiadi'afiia, 23 
Sphegidao, 93, 107 f. 

Sphcgides, 107 f. 

Sphex codmleua, 110; S, Jfavipetinia, 109 ; 

iSL libatva, 110 ; maxiHoaua, 108 
Sphindidae, 245 

Sphiiigidae, 309, 315^ 816, 368, 380 f. 

Sphinx liguairi^ 88(F 

Spider parasite, 490 

Spilmmva, 408 

Spinneret, 824 , 828 , 403, 417 

SpiTOcfUliO, 227 

Spiracles, 188, 191 ; of Diptera, 449 f. ; 
of Hippo1»oscidae, 519 ; of Lepidoptem, 
813, 314; of Lipara, 461 ; of’AVeiia, 
664 ; of l^rips, 528 
Spondgfiaapia, 581 
Spondylidae, 288 
Springing plant-lice, 579 
Spuler, on nervures, 317 n. 

Squama, 448 
Squeakers, 209 
Staetherifiia, 401 
Stag-beetles, 193 
Stalk, 817, 819 
Staphylinidae, SSS, 224 f. 

Staudiuger, Schatz and libber, on butter- 
flies, 348 11 . 

Stauronotua maroecanua, 489 * 
Stanropuafngi, 885 

Stelia vtinuta, 29 ; S. naauta, 30, 48 ; & 
aiguata, 30 
Stelocyttares, 81 
Stemwfna weatwoodi, 159 
Stcnopleryx hirundinia, 519 
Stephnateih'ua, 240 
Btemorhyncha, 644 
Sterrhopteryx, 894 
Stethopathidae, 496 
Stigmata — see Spirades 
Stigmatomina, 180 
Stiipnua pendfdua, 128 
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Sting, 4, 5, 6| 58, 144 ; development of, 
8,9 

SUnging, 98; by OalicwrgtUt 102; by 
Pompilidae, 104 ; by 109 

Stingless bees, 81 

Stink-gland, 267, 038 ; -vessel, 330 

SUpes, 809 

Stizinae, 123 

Stomach, 830 

Stonioxya calcitran^t 512 

Stratiomyidae, 478 

Siraitomys, 452 

Straus- Durckheim, on Mtlolonthn^ 198 
Strawberries, eaten by beetles, 205 
Streblidae, 521 
Stfepsiptera, 189^ 298 f. 

Sir^toperds, 401 

Stridulating organ, of Myrmioa, 188 ; of 
Heterocems^ 248 ; of PnMo/its- larva, 
193 ; of Sima levierpg, 169 
Stridulation, of ants, 134 ; of Corixa, 668 ; 
of Criocerides, 281 ; of Dynastides, 199; 
of Oeotrupea, 195 ; of Ipides, 232 ; of 
Lomaptera, 200 ; of Longicorns, 287 ; of 
larva of Lueanwt cervu3, 194 ; of Mega- 
lopides, 282 ; of J/MonthaAorva, 198 ; 
of Mittilla, 94 ; of Pdobins, 208 ; of 
Phmapate, 246 ; ot PkyUmnorphn, 548 ; 
’ of Praogmn, 264 ; of Siogmia, 206 ; of 
Trox, 195 
Strigil, 568 

Striphnopterygidae, S76 

Strmgylognath us huberi, S. (estaceus, 162 

StTrtunigenys, 170 

Style, 442 

Stylopiilae, 298 

Stylopised bees, 26 

Stylopa dalii, 399 

Styx infernalia, 358, 840 

Suana, 405 

Subcostal iiei'vure, 818 

Submedian nervure, 318 

Snboesophageal ganglion, 330 

Sucking-stomach, 311, 449 

Suction by I^epidoptera, 311 

Suctoria, 526 

Supericornia, 546 

Swallow-flies, 519 

Swarming of wasps. 70 n. 

Swarms, 62, 65 67, 80, 135, 467, 505, 
584 

Swift- moths, 396 

Symbiosis, of ants and plants, 139 ; of 
bee and Acarid, 70. See also Aiits'- 
nest Insects,, and Association 
SynibiiM blaUahm, 269 
Symphily, 183 
Synecthiy, 183 
Synmon, 8/1 
Synoeca cyanett, nest, 82 
J^telia toeatipoodi, 339 
Synteliidae, 229 


Syntomidae, 889 n., S89, 888 ^ 

^ipUomia pMeyea, 890 
Syringe, 085^ 586 
Syrphidae, 489 , 498 f. 

^atoeehaa oreaa, 489 
J^atropua entddia, 489 

Tkbaiiidae, 481, 492 
Tabafpu, 482 ; T, doraivitta, 482 
Tachinidae, 607, S14 
Tacbysphex panzeri, 117 
Tachytea, 116 ; dMtroyer of, 275 ; T, 
aitatmlia, 11^ 117 ; T. peciinipea, 117 
Tachy tides, 116 
Taenia, fleas as hosts of, 526 
Tajuria diaetta, pupa, 357 
Tdlepona, 895 

Taleporiidae^ 430 ,, , 

Tanypezidae, 504 o 

Taphroderides, 296 
Tapimma en^icum, 157 
Tarantnla-killer 105 
Tarphim, 233 
Taraotepia, 383 

Tasidienl wTg, on anatomy of flea, 523 u* 
Ttiacim, S73' 

Tea-plant bug, 562* 

Team welanoatieta, 408 

Tegnla, 71, 187, 807, 811, 312, 447 

Tcgmina, 539 

Tcleodont, 193 

Telephorides, 348 

TehnatuphUva, 23.5 

Temnvc/iifa cfyendetf, 383 

Teinnochilides, 333 

Tendmo molUar, 363 

Tenebrionidae, 263 

Tenehroidea mauritauiea, 232 

Tentacle, maxillary, 309, 483 

Tenthrediiiidae, parasite of, 4 

Terebrantia, 531 

TemiiteR, 203, 206, 227, 231’ 

Terrifying attitude, 384 • , 

Tesseratoiriides, 546 

Testes, 321, 834 , 400, 429 ; in larva, 821^ 
Tetanoeem/emiginea, 504 
Tetanocoridao, 504 
Tetragona, 53, 61 
Tetramera, t90 

Tetmmarium daeapUuni, 160, 163 
Tettigomctrides, 667 

TeHcrium, bug and galls on, 550 ; 

Thaia, pupation of, 368 * 

Thanam, 348 ; T, tagea, androcoiiia, 88S 

Tlierevidae, 484 

Thifidopteryx, 420 

Thomas, on androcouia, 331 

Thorictidae, 236 

Thorietua, 236 

Thrips, 526 f. ; Thnpa. lini, 581; 

aecalina, 580 ' . ' 

Throscides, 360 ^ ^ 
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Thyoiira batis, T. demm, S86 
Thymaridae, 392 
Thynnidefl, 96 
Thyreophbridae, SOJ^> 

Thyri^dae,^(?,404 
Thyridapteryx eph^tnmuf&rmUy 894 . 
Thysanoptera, 626 f. 

Tiger-beetlea, 201 f. 

Tiger-moths, 409 
TUhu elongtUtu, 258, 304 
Tinaegeriidae, S70, 387 
Tinea, 806 ; T, pdlion/ella, 429, 430 ; T, 
.«(Mts/to,.430 ; T,vivipam, 430 
Tineidae, S40, 370, 304, 4^, 428 
Tineodidae, 428 
Tirmlh hUeUieUa, 430 
Tingidae, 549 

. Tipvla brabdignagia, 476 

Tipfilidae, 471 f.; T. Brevipalpi, 472, 478 ; 

T. iiongipalpi, 472, 475 
Tipuliiiae, 475 
Tiresitu aerra, 241 
TUanw gigardeeas, 287 
Tithorea, 846 
Tomioides, 295 
Toniognathua suhlaevia, 161 
^ Tongue, 309 

Tortoise-shell butterflies, 852 
.‘.Tortiicidae, 340, 393, 427, 43J 
Tortiicina, 393 
Toxorrhina, \72 
Toxotrypafw, 506 
'-^Treehus, 205 . 

Tricbiini, 200 
Trichocera, 478 

Trichodes advearius, T, avimiaa, T, apiarivs^ 
254 

Tnehophaga tapetzellii, 430 

■ Trichoptera, 896, 433 
Trichopterygidae, 227 
Trichopteryx/kacicularis, 227 
Triohroisni, 351 

■ Trichterwickler, 294 
Trichura, 389, 890 
TrictmotomidAe, 275 
2y»0qpAom, 543 

trigona, 33, 61 ; T, carbonaria, 63 ; T. 
>. jsn uaiuea. 65 ; T. moaqnilo, 62 
“"flltera, 238, 544 
Trimeria,89 

: * SMneum oterriTna, 494 
miw, 489 
Trim rbamni, 680 
. TrMaena, 416 , 

580 

J'-Tritoim^puaiulata, 286 
; Triumniliu, 262, 268, 270, 271, 272, 299, 

■ \ 800 

i|Mi«Jopod^ . 

807 ; divided. 123 ' 

Hi,!*- ' 
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I'rogodtidae, 282; 285 
Trogoaita maitrUanica, 232 
Tromoptera, 457 
Trophi— see Mouth-parts 
Trox, stridnlation, 195 
Truffle-beetle, 222 
l^umpeter bumble-bee, 58 
Trypmumia, 230 
Trypanidae, 395 
Trypetidae, 304, 506 
Trypozyloiiides, 118 

TrypoxyUtn, 118; T, tdbilarae, 118; T, 
figvina, 119 
Tse-tse fly, 512, 018 
Tubulifera, 1 f, 

Tubulifera (Thrips), 531 
Tulip-tree, tubes on, 578 
Turkey-giiats, 477 
Turnip-flea, 278 
Tusser, or Tussore, silk, 374 
Tympanoterpea gigaa, 572 
Typhfntta, 179, 180 
Typhlopena, 178, 179, 180 

Ugimyia aericariae, 507 
Ulidiidae, 304 
Ulopa, 378 
Uncus, 814 * 

Cmnia rhiphena, 419 
Uraniidae, 368, 419 
Uric acid pigments, 357 
Vrodm, 378 

Uzel, oil Tliysunoptera, 527 

Vmuiaaft, 352 ; larva, 351 — see also 
I*ymuieia and Araachnia 
Vaneannlci, 356 
VaiHUirer-motbs, 407 

Variation, of Anomma bimneiateri, 179 ; 
of Bvtidma, 58 ; of larvae, 336 ; of 
Spheewias, 28 ; of male and worker 
ants, 160 ; of workers and females, 
162 ; due to parasites, 26 ; of larva 
and imago, 408 ; generic, 401 ; local, 
398 ; in nervuration, 414 ; and dimor- 
pbisni ill Geometrid-lan-iie, 412 ; of. 
mandibles of Lucanidae, 193 ; in colour 
of Psyllidae, 579 ; tricliroisni of hind 
wings, 351 ; in size of Brentliidae, 297 ; 
of time and form in Cimtia, 570 ; in 
wings, 540 ; as to winged or wingless, 
531 ; change in, 414 : seasonal, 335 
Vasa defereutia, 321 
Veils, 493 
Veins — see nei vures 
rr/«a eurrena, 552 
IWleiita dUatatua, 227 
Verhoelf, on Agenia, 106 ; on Halictua, 

I 85 ; oil Siphonophora, 239 ; on Stelis 
I miniUa, 29 ; on terminal segments of 
beetles, 186 
Vemniteo degeei'i, 481 

2 s 
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VertnipayiUa (dakmri, 528, 526 
Verson, on rudiment of wings, 328 
Vertebrates, larvae ‘of Diptera, attacking, 
506, 510, 512, 514, 514, 517, 520; 
tick-fleas on, 526 

VtfqMy nests of, 79, 88 ; V, aitsiriaca, 81, 
88 ; V, crabrOf 81 ; V, germaniea^ 70 
Vespidae, 78 

Viviparous, Aphids, 583 ; fly, 506, 511, 
513, 518 f.; moths, 430 ; Staphylinidae, 
OQ7 # * 



VUneeHOy 500 ; I’', boinby/nns, 441 


Wagner, on j^ffirpholQgy of fleas, 523 n. ; 

ou xiaedog^esis, 460 
Walker, J. Jwon Ua/^jbeUes, 552 
Wallace, ofl'^ht of Hesp«|n|dae, 364 
Walsingham, liOrd, on Tortriddoe, 427 
Walter, on mon4h of Xjepufoptero, 308, 
310 

Wandering ants, 175 f. 

Wanzenspritze, 536 

Wasmanii, oi^ Aiits*-neMt Insects, 181 n., 
183 ; on Lotnechvm, 142, 226 ; on 
Weismann, 143 
Wasps, 71 f. • 

Wasps’-nest, beetle, 235 ; Insect, 268 
Water-scorpion, 563 
Wax, 65, 575, 576, 597 
IVax-glands, 589 
Wax-hairs, 580 

Wetlde, on mouth of Hemiptera, 080 

Weeping-trees, 577 

Weevil, biscuit-, 247 ; pea-, 277 

Weinland, on halteres, 448 

Wet- and dry-season forms, 336 

Whirligig-beetle, 215 

White, wax, 576, 597 

Whittell, on Pdapaeus and Larraila, 117 

Wielowiejski, on luitiinnns organs, 250 

Wing-cases, of beetles, 186, 270 


. . o 

Wingl, of bugs, 03(|-;*.bf illptera, 447 ; 
^of Lepidopter^ 315 f. ; development of, 
328 ; structure of, 329 
Wingless:— see Apterous ’ . 

Wingless . and winged Aphids, 584 . 

Wihg-nervures — see Nervures 
Wing-rib, 330, 333 
Wing-veins — see Nervures 
Winter-gnats, 473 
Winter-moth, 414 • 

Winter-mother, 086 
Wire-worm, 258 
Wood-ant — see Formica mfa 
Wood-leoimrd moth, 309, 395 
Woodpecker, IMptera in, 506 
Workers, 54, 66, 67, 79. 86, 132, 140 
Worm-eaten furniture, 248 

c. . 

Xantharpyia straminen, jiarasite of,%21/ 

522 

Xetunt, 808 : X roitaii, 299, 801 
Xeatobium, J4S 

Xybicopa, 32, 84, 70 ; suhmentum of, 14 ; 

-Y. cMoroptera^ 34 ; ’-V. vio/acea, 33 
Xyfotliplmut, 458, 409 
Xylophagidae, 479 
Xylophaginae, 480 
Xylophilidae, 266 
Xylotntpea ffideoH, 199 

Yellow-fever-fly, 464 
Voltuus, 558 
Young carried, 556 
Yucca-moth, 432 

XabroHj 205 
Xaithu ttnvra, 666 
Zelotypia ataccyi, 396 
Ztviiosea celt is, 296 
Zciisera aeseuli, 309, 395 
Zeuzeriflae, 395 

Zygaenidae, 369, 388, 390, 392, 

Zygia, 253 
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